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l. INTRODUCTION 


Tue data in this paper were collected primarily to determine how long bed- 
bugs (Cimez lectularius) were likely to remain alive in an empty English house 
under extreme circumstances: whether they are capable of moulting and 
breeding at the end of a long period of starvation is another problem and, 
although essential to a full knowledge of the ecology of the insect, it has not 
yet been studied. 

The physiological problems associated with the survival of bugs in relation 
to climate were of secondary importance when this work started, although it 
was hoped at the outset that the quantity of data aimed at might be sufficient 
to enable some general conclusions to be drawn. Thus, the many physiological 
problems which arise have not been pursued experimentally largely because of 
the precedence given to the original requirements of the research in this and in 
other aspects of the life of the bed-bug. 

I have suggested some hypotheses: but they all require to be tested by 
direct experiment. It must be sufficient for the time being to point out where 
data are lacking. 
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II. MretHops 


Atmospheric humidity was controlled usually with sulphuric acid-water 
mixtures. Only with adult bugs kept at approximately 90 % R.H. was the 
control effected with glycerine-water solutions. 

All immature stages were kept on the voile at 
the one end of 2 x 1 in. tubes. These tubes, capped 
with voile at each end, were suspended vertically 
over dilute acid in 250 c.c. jars which were closed ; 
with corks (Fig. 1). Rubber bungs were not ? 























used on account of their possible toxic effects 
(Mellanby & Buxton, 1935). 

Adult bugs were confined, singly or in pairs, 
in 2x1in. tubes with voile on both ends in 
battery jars with an air stream. Dilute sulphuric 
acid was used to maintain relative humidities 
between 5 and 10 % and glycerine-water mix- 
tures for approximately 90 % r.H. The method 
and apparatus is described elsewhere (Johnson, 
19396). 

The stock from which experimental bugs and 
eggs were obtained was reared at 23°C. on rabbit 
with one feed per instar. The stock came origin- \ 
ally from Beckenham, England, in 1927 and has Fig. 1. 250.0. jar with 2x1 in. 
since then been kept at 23°C. in mass culture. tube, voile on both ends, in which 
Insects in experiments were inspected, usually 1st instars were kept. A, cork; 
at intervals of 3-6 days, when dead bugs were 3,2 lin. glass tube; C, adhesive 
removed. The host in the experiments was rabbit, ae dap he aaa 
unless otherwise stated. Variations in tempera- 
ture are shown in the tables in the text. Other details of technique are 
discussed on pp. 266-267. 
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III. ExPERIMENTAL RESULTS AND DISCUSSION 


(1) Longevity in relation to temperature, atmospheric humidity 
and the rate of water-loss 
General observations. 

The effects of temperature and atmospheric humidity on the longevity of . 
the fasting first instar bed-bug are seen in Fig. 2. The following points are 
evident: 

(1) At constant temperatures of 7 and 15° C. and no doubt at the inter- 
mediate ones too, the relationship between mean length of life and saturation 
deficit is hyperbolic over the humidity range used. As the expected results in 
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Table 1 and the fitted lines in Fig. 2 show, hyperbolas fit the data very well at 
these temperatures. At temperatures above 15° C., however, the relationship 
between longevity and saturation deficit becomes increasingly more linear. 
Table 2 which lists the deviations from the fitted lines (linear and hyperbolic), 
shows this clearly. 


Table 1. Observed and expected mean length of life and the maximum observed 
length of life of unfed 1st instars of C. lectularius at constant temperatures 
and humidities. All the values date from hatching 

The expected mean lengths of life are the values on the best fitting hyperbolas obtained from the 
data by the method of least squares and the linear regression of log mean against log saturation 

deficit (Fig. 2). 

Insects were inspected at intervals: therefore, a maximum length of life of, for example, 

80-83 days, is shown as 80-3 in the last column. 


Mean lengths Maximum 
of life (days) Stand. No. obs. length 

R.H. Sat. def. ——“——__, dev. of bugs of life 

“<. % mm. Obs. Exp. obs. used (days) 
7-0° +0-8° 6 7-05 53-0 52-0 14-83 108 80-3 
(44-6° F.) 27 5-50 60-4 57-1 18-12 78 103-6 
56 3-30 65-0 69-3 22-80 138 111-4 
90 0-75 123-5 121-2 41-36 127 210-3 

15-0° +0-2° 6 12-03 46-6 47-5 17-42 81 106-9 
(59-0° F.) 27 9-34 52-5 52-1 9-67 82 74-7 
56 5-60 64-0 63-2 14-49 132 102-5 

90 1-30 108-4 109-1 31-37 109 183-6 

18-5° +0-4° 6 15-0 24-2 27-4 4-83 66 38-40 
(65-3° F.) 28 11-6 32-4 30-6 5-12 59 42-4 
57 6-9 42-8 38-2 13-04 71 71-4 

90 1-6 66-4 70-9 20-23 50 132-5 

25-0° 40-3 7 22-10 13-3 15-6 2-09 106 20-2 

(77-0° F.) 29 16-90 19-5 17-8 2-63 79 28-30 
58 10-0 29:1 23-6 6-04 87 44-6 

90 2-40 45-7 49-7 11-95 85 68-71 

28-0° +0-3° 7 26-4 11-3 13-7 2-17 30 14-6 
(82-4° F.) 29 20-10 15-4 15-2 2-47 32 20-2 
58 11-9 . 222 18-7 4-66 49 324 

90 2-9 31-1 32-2 6-56 88 44-6 


(2) The effects of humidity on length of life are greater at the lower than at 
the higher temperatures: and this is more noticeable when the humidity is 
high. Numerical expression can be given to this effect by the ratio 


difference between longevity at two different saturation deficits 


longevity at the higher saturation deficit (i.e. minimum longevity) ’ 


which expresses the proportionate effects of humidity at different temperatures. 
Table 3 gives some values for this ratio and over some ranges of saturation 
deficit the effect of humidity on longevity is increased by over 100 % by a fall 
of 9-5° C., from 28 to 18-5° C. This greater effect at low temperatures is at first 
puzzling: and it involves an apparent contradiction when we notice that the 
rates of water-loss are more affected by the same humidity change at the high 
temperatures (Table 9, Fig. 9). An explanation for this is given later (p. 246). 


16-2 
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Fig. 2. Mean length of life of unfed Ist instars of C. lectularius in relation to temperature and 
humidity (Table 1). Thick lines are hyperbolas fitted to observed data by the method of least 
squares. Thin lines are fitted visually to the observed data. Graphs at 30 and 36° C. are 
from Mellanby’s (1935a) data. 


Table 2. Values of S (observed-expected)? for straight lines and hyperbolas fitted 
to the longevity-saturation deficit data for unfed 1st instars of C. lectularius 


(Table 1) 


Comparison between hyperbola and straight line can be made at any temperature. The smaller 
the value S (obs.-exp.)* the closer the fit. 


C. Hyperbola Linear 
28 19-67 1-72 
25 54-25 12-03 
18-5 55°88 32-29 
15 2-08 266-66 

7 35-21 595-18 
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: . difference in mean longevit , —— 

Table 3. Ratio fe .- seedless Y for ranges of saturation deficit 3-7, 
minimum mean longevity . 

7-12 and 3-12 mm. at various temperatures. The longevities have been found, 


approximately, by interpolation on the observed graphs in Fig. 2 














Mean longevity in Differences in mean Differences in mean longevity 
days at sat. def. longevity Minimum mean longevity 
te ‘ la mn ~~ "3g ee 
°C. 3mm. Tmm. 12mm. 3-7mm. 7-12mm. 3-12mm. 3-7 mm. 7-12 mm. 3-12 mm. 
28 31 27 22 4 5 9 0-15 0-23 0-41 
25 44 35 26 9 9 18 0-26 0-35 0-69 
18-5 59 42 31 17 11 28 0-40 0-35 0-90 
15 83 59 46 24 13 37 0-41 0-28 0-80 
7 71 53 ~ 18 ae a 0-34 ~ - 


(3) At equal saturation deficits the insects live longer at the lower than at 
the higher temperatures down to about 15° C. where the maximum length of 
life occurs. Below 15° C. length of life becomes shorter again. 

This difference in position of the graphs for 7 and 15° C. is apparently quite 
real, for if the two hyperbolas are converted into straight lines by plotting log 
longevity against log saturation deficit, the lines are significantly different in 
position. For at the point at which they are nearest together the difference 
between the values for log longevity at 7 and 15° C. is 0-0474 and the standard 
error of the difference is 0-00006. 

The results for fasting adults show a similar relationship (Table 4, Fig. 3). 
Geisthardt (1937) figures a decrease in maximum survival times at tempera- 
tures below 15° C. 

It is interesting to note that the eggs of C. lectularius kept at temperatures 


Table 4. Mean and maximum length of life in days of adult C. lectularius, 
mated and unmated and fed once on rabbit (Fig. 3) 
Maximum length of life of, for example, 291-8, means that death occurred between 291st and 


298th day. 
Longevity dates from feeding—4 days, at 23° C., after moulting. 








Male Female 
t — - f a 
No. Mean Maximum No. Mean Maximum 
% of length length of length length 
C. RH. bugs _ of life S.D. of life bugs of life $.D. of life 
Mated 
7 10 48 208-8 37-04 291-8 24 228-4 29-14 306-12 
90 23 219-5 71-66 382-90 23 285-6 104-94 460-9 
13 10 21 186-8 48-64 256-63 22 179-0 49-04 235-42 
90 22 338-3 85-46 464-71 21 359-7 109-41 562-72 
18 10 22 98-6 28-18 148-53 21 90-69 22-51 139-41 
90 19 151-5 64-35 257-64 19 143-05 51-31 222-7 
23 10 22 40-3 13-02 57-60 22 38-32 12-94 67 
90 25 85-2 22-87 135-7 25 69-4 25-97 126-8 
Unmated 
7 90 21 2228 = =-113-61 518-31 21 317-21 139-10 550-3 
23 9O 20 86-6 22-4 126-31 18 120-7 44-5 181-5 
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below the developmental-hatching threshold (13° C.), at constant saturation 
deficits, live longest at 12-13° C. and longevity also decreases as the temper- 
ature falls to 0° C. (Johnson, 1939a). 13-15° C. is thus a critical temperature for 
longevity and also for development with hatching; moulting and oviposition 
also stop at temperatures immediately below 13° C. 
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Fig. 3. Mean length of life of mated adults of C. iectularius (males and females together), fed once 
on rabbit, in relation to temperature and humidity. Longevity dates from feeding. Broken 
lines merely join the two observations at each temperature and do not indicate length of life at 
intermediate humidities (Table 4). 


Longevity in relation to water-loss. 


In the interpretation of these results certain ideas associated with Dalton’s 
law of water-loss at once suggest themselves. After glancing for a moment 
at Fig. 9 in order to understand the relationship between rate of water- 
loss and saturation deficit with C. lectularius, it will be advisable first to 
consider a purely hypothetical case where, at a constant temperature, the 
length of life of an insect is controlled by water-loss alone and that death occurs 
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when a critical quantity of water has been lost. Then, if at a constant tem- 
perature, 

A. The rate of water-loss is directly proportional to saturation deficit 
(linear relationship, Table 5, Fig. 4, A). 

B. Since longevity depends only on the amount of water lost, the quicker 
the loss the shorter the life. And longevity is inversely proportional to the rate 
of water-loss (hyperbolic or inverse of linear relationship). 


Table 5. Hypothetical data for rate of water-loss at different temperatures and 
saturation deficits, and the corresponding reciprocal curves representing 
longevity (see Fig. 4) 

Rate of water-loss = (saturation deficit). 


1 ) constant 


Longevity = constant —_—_—_—_——— =; a soreenig 
8 y rate of water-loss/ 6 (saturation deficit) 

















Rate of water-loss Longevity 
A Nn | —— se ~ 
Sat. def. °C....% a+l1 x+2 r xr+l1 xr+2 
units b..8 2 4 1 2 4 
0 0 0 0 re) rs) ) 
1 1 2 4 1-0 0-50 0-25 
2 2 4 8 0-50 0-25 0-13 
3 3 6 12 0-33 0-17 0-08 
4 4 8 16 0-25 0-13 0-06 
5 — 10 20 —- 0-10 0-05 
6 — 24 — — 0-14 
24 a 
22|- / 
nh ser 
18|+ j ‘ 
g ‘|r A 
= : & 
be = 
3 tnt 
4 iS) 
s a 
rs > 
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Saturation deficit Saturation deficit 
A B 
Fig. 4. Illustrating a hypothetical case where longevity is limited only by water-loss over a 
temperature range x° to x+2°. A, rate of water-loss is directly proportional to saturation 
deficit at each temperature (linear); B, longevity (represented by 1/rate of water-loss) is 
inversely proportional to saturation deficit (hyperbolic). Graphs to the left of vertical line, 
ab, are theoretical, for with the bed-bug rate of water-loss is not linear over the whole saturation 
deficit range; and with longevity insects are not immortal (Table 5). Cf. also Figs. 5 and 9. 
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It follows that 

C. Longevity will also be inversely proportional to saturation deficit 
(hyperbolic relationship, Table 5, Fig. 4, B). 

For the sake of simplicity let us assume that the rate of water-loss at a 
constant temperature is linear even at very high humidities: also that since 
death is due only to water-loss, at 0 mm. saturation deficit the insects live for 
an exceedingly long and for an equal length of time at all vital temperatures. 
In completely dry atmospheres the insects will live for different lengths of 
time at various temperatures since the saturation deficits will be different. 

Then the curves for longevity against saturation deficit will be the 
same shape and will have the same positions relative to each other as 
the reciprocals of the curves for rate of water-loss against saturation deficit 
(Fig. 4, A, B). 

The longevity curves are, in such a case, hyperbolas which are virtually 
complete along the ordinate since they extend to the same distant point on it. 
The higher the temperature the closer to the ordinate and abscissa do these 
curves lie and their reciprocal curves for the rate of water-loss are correspond- 
ingly steeper. The effect of a humidity change from 0 mm. saturation deficit 
will, therefore, be greatest at the highest temperature both on longevity and on 
the rate of water-loss. 

In nature, however, we do not deal with complete hyperbolas but only with 
portions of them, for bed-bugs are affected by temperature at 0 mm. saturation 
deficit and accordingly survive for different lengths of time in a saturated 
atmosphere: or the experiments may not give data for the relative humidities 
near 100 °,—as with the Cimex work. Such graphs will, therefore, appear as 
those to the right of the vertical line ab in Fig. 4, B. Thus the effects of a 
humidity change, although greatest at higher temperatures on the rate of 
water-loss, will be greatest at lower temperatures on longevity. Thus, with 
Cimez, if (1) water is lost at a rate directly proportional to saturation deficit at 
constant temperatures, and (2) longevity is limited mainly by water-loss, the 
apparent inverse effects of humidity change on the longevity of this insect are 
explained. 

Let us consider the data for longevity with unfed 1st instars of C. lectularius 
in relation to the rate of water-loss from adults (Fig. 9). 

If longevity were governed entirely by the rate of water-loss between 10 
and 90%, R.H. in a manner somewhat similar to the hypothetical case dis- 
cussed above, then the curves for 1/rate of water-loss, and for longevity, against 
saturation deficit should be similar in shape and in position relative to one 
another at the same temperatures. If the reciprocals of the curves for Mellanby’s 
data on the rate of water-lcss with saturation deficit for fed adults (Fig. 5) are 
compared with the longevity curves for unfed lst instars the similarity is 
distinct, although Mellanby used slightly different temperatures in his experi- 
ments. The two sets of curves are, however, slightly different in shape and in 
relative position. 
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Differences in shape. 

The best way of obtaining the degree of correlation which exists between 
longevity and rate of water-loss is obviously by direct experiment. This, 
however, has not been done for Cimex and we must fall back on an indirect 
method. 
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Fig. 5. Reciprocal curves of rate of water-loss in relation to temperature and humidity for the 
fasting adult C. lectularius. If longevity was limited only by water-loss and the rate of water- 
loss was directly proportional to saturation deficit at constant temperatures the curves of 
longevity (or of 1/rate of water-loss) with saturation deficit would be hyperbolic. Lines in 
figure are hyperbolas fitted to Mellanby’s (1932) data. (See Table 9 and also Fig. 9.) 


If a perfect correlation exists between (1) saturation deficit (S) and rate of 
water-loss (R), and between (2) saturation deficit (S) and 1/longevity (1/L), 
then 1/Z will be perfectly correlated with R. 

It would be exceedingly difficult to prove that in such a case longevity 
depended on rate of water-loss although no doubt this would be true. 
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Therefore, if the correlation coefficients of R against S and of 1/Z against S 
are very high indeed (r = 1 when correlation is perfect), we would be justified in 
concluding that 1/Z and R are also very highly correlated. Table 6 gives such 
values for the correlation coefficients. For all temperatures between 7 and 
36° C. the coefficients for R on S and for 1/Z on S are above 0-95 and are all 
significant according to Fisher’s Table Va (Fisher, 1936). 


, : 1 
Table 6. Correlation coefficients for lougevity off lat instars 


loss for fed adults (from Mellanby’s data, 1932) with saturation deficiency at 
various temperatures. Four pairs of observations in each case except at 37° C. 
where there are only three 


and for rate of water- 


Rate of water-loss 


: 1 = (% original wt.). 
longevity of lst instars From data by 
“co. Unfed Mellanby (1932) 
7 0-9532 —- 
8 -— 0-9963 
15 0-9911 — 
16 a 0-9670 
18-5 0-9886 — 
22 — 0-9905 
25 0-9761 _ 
28 0-9682 —_— 
29 = 0-9753 
*30 0-9894 “= 
*36 0-9658 — 
37 = 0-9999 


* Longevity from Mellanby, 1935a. 


Thus assuming that adults and unfed 1st instars lose water in an identical 
manner it can be concluded that, within the limits of experimental error and 
with due regard to the very small number of points on each graph, 1/L is also 
almost perfectly correlated with R at all constant temperatures between 7 and 
36° C, 

But we have already seen that longevity in relation to saturation deficit is 
hyperbolic only between 7 and about 15° C., and that above 15° C. the re- 
lationship is more linear. Therefore, we would expect 1/Z to be completely 
correlated with S (and therefore with R) only below about 15° C. and that at 
higher temperatures the correlation would be less perfect since 1/Z on S is not 
perfectly linear. The exceedingly high observed values of r in Table 6 are 
perhaps more reliable for temperatures below 15°C.: the discrepancies 
between r and the fitted lines of Z against S above 15° C. are no doubt due to 
the small number of points on the graphs. With only four points a deceptively 
high correlation is possible: nevertheless, even above 15° C. their values are 
significant and even if they are too high the correlation between 1/Z and S must 
be very close. For R against S, however, the correlation coefficients are 
consistent with the experimental data, for perfectly fitting straight lines are 
obtained (Table 9). This indicates that the departure of the relationship of L 
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to S from the hyperbola at higher temperatures is not due to an alteration 
in the mechanism controlling water-loss from the insect but to additional 
factors. 

There are at least two such physiological factors: 

(1) We suppose that since rate of water-loss and longevity are almost 
perfectly correlated at each temperature between d5 and 7° C., rate of water- 
loss is the only limiting factor controlling longevity below a certain maximum 
value at each temperature. This may be due to the relatively slow rate at which 
food is utilized, or at which water is withdrawn from it, at these temperatures. 
Above 15° C. food reserves are utilized more rapidly and water-loss ceases to be 
the only limiting factor in longevity. 

(2) At high temperatures and relative humidities metabolic water may 
accumulate more rapidly than it is eliminated and an excess of internal water 
may be produced with harmful effects on the insect (Buxton, 1932; Mellanby, 
19350). 

With the present data it is not possible to tell if either or both of these 
factors operate. But such data as exist can be discussed. 

When a bed-bug is starved for a long time, the water-loss from the insect 
causes a reduction in the volume of body fluids. This creates a relatively higher 
pressure inside the sac-like midgut which becomes filled with air through the 
proboscis and bulges into the legs and antennae—in fact develops hernia 
(Wigglesworth, 1931). Now at high temperatures (20-28° C.) the blood-meal 
is quickly digested and the midgut, which empties of the blood-meal fairly 
rapidly, becomes air-filled and is withdrawn into the legs, where it ruptures: 
thus digestion and water-loss proceed simultaneously, and probably both play 
important parts in affecting longevity. But at low temperatures (15 to 7° C.) 
digestion is extremely slow, and many weeks, sometimes many months, pass 
before the blood-meal loses its redness and much of its bulk. Yet, shortly 
before death occurs at 7 and 15° C., the midgut develops hernia and bursts: 
usually the blood-meal is still quite red and bulky, although enough may have 
been digested to promote moulting. This indicates that digestion and utilization 
of the blood-meal or, more precisely perhaps, a withdrawal of water from it, is 
impeded although water-loss from the body fluids proceeds and, therefore, 
probably remains the master factor in longevity at these low temperatures. 

That the withdrawal of water from the blood-meal rather than the actual 
digestion of the food matter (protein) limits survival seems probable. For the 
hyperbolic nature of the curves at 7 and 15° C. suggests that water-loss is 
limiting. Yet if this was the only factor the curve for 7° C. would be above that 
for 15° C. as Fig. 5 shows. We can suppose, therefore, that, if blood-meals are of 
equal sizes, although the rate of water-loss is higher at 15 than at 7° C., there 
must be more water available at the higher temperature for longer life to occur. 

It has been mentioned above that 13° C. is the approximate threshold for 
moulting: and it may be that failure to absorb food at this temperature is 
cesponsible for cessation of moulting. 13° C. is at any rate a critical temperature 
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in respect to the longevity as well as with respect to other processes and the 
causes are perhaps the same. 

If these suppositions are true, the actual curves for longevity against 
saturation deficit may bear the following relationships (Fig. 6, A, B) with the 
hypothetical curve where water-loss was the only limiting factor, at least below 
a certain optimum humidity for survival. 

Since humidity probably has no effect on the metabolic rate (Mellanby, 
1936) food would tend to become limiting only when water-loss was slow, i.e. 
at low saturation deficits (Fig. 6, A). It is possible that even in the individual 
bug, and more probably where numbers of bugs are considered, that food and 
water do not always act independently on the organism and the actual and 
hypothetical curves may coincide when water and food are equally limiting, 
and the graph is the relatively straight part of the hyperbola. If only food is 








ngth of life 


Length of life 























Saturation deficit Saturation deficit 
A B 

Fig. 6. Illustrating longevity in relation to saturation deficit at a constant temperature. A, 
curve H is a hyperbola where longevity depends only on water-loss the rate of which is 
directly proportional to saturation deficit. Dotted lines are more linear and suggest that other 
factors besides water-loss (e.g. food supply) affect longevity. B, curve H as in Fig. A. Dotted 
line indicates longevity when influenced adversely at high humidities by, perhaps, toxic 
effects of an excess of water in the insect. 


limiting and humidity is without effect on metabolic rate then the longevity 
curve would be parallel to the abscissa. 

The accumulation of an excess of metabolic water would no doubt also 
result in the types of curve shown in Fig. 6, B. 

The position of a hypothetical curve at a constant temperature where 
water-loss alone is limiting to longevity is not known in Cimex, and so it 
cannot be said precisely where the departure from the hyperbolic relationship 
of longevity to saturation deficit at the higher temperatures occurs. But from 
the high values for the correlation coefficients between 1/L and S it is probable 
that the departure takes place at the higher humidities for at the lower ones 
humidity is probably the important limiting factor. 

There is, moreover, another possibility, which may apply to the perfectly 
fitting hyperbolas at 7 and 15° C. as well as to curves at higher temperatures. 
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If, as seems probable (particularly from Kirkpatrick’s (1923) data for the 
bug Oxycarenus), the longevity curve is shaped as in Fig. 7 (curve A), the op- 
timum humidity may be below 90 % R.H. and longevity at 90 % R.H. although 
lying on a perfect hyperbola in conjunction with values at 60, 30 and 7 % R.H. 
may do so accidentally, not because rate of water-loss but because the accumu- 
lation of an excess of internal water may be the limiting factor (Fig. 7, B). 

This point can be settled only by obtaining data at many more humidities 
at each constant temperature. 
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Fig. 7. Illustrating a possible relationship of longevity to saturation deficit at a constant temper- 
ature as exhibited by data for unfed Ist instars of C. lectularius (Table 1). Curve B is a hyper- 
bola which, owing to insufficient data, may lead to the conclusion that water-loss alone limits 
longevity; whereas actually water-loss is limiting only at the higher saturation deficits while 
at high humidities food and an excess of internal water are the limiting factors (curve A). 


Differences in the positions of curves. 

The positions of the longevity-saturation deficit curves along the ordinate— 
in other words, the length of life at a constant saturation deficiency but at 
different temperatures—may depend on water-loss alone or upon other factors: 
if water-loss alone determined the maximum length of life, then, apart from the 
obviously exceptional range close to 100 % R.H., the position of the longevity 
curves in relation to each other and to temperature would be identical with the 
relative positions for the curves for the reciprocal of rate of water-loss to 
saturation deficiency at different temperatures (Fig. 5). In the absence of 
direct experiment which would relate the rate of water-loss at different tem- 
peratures to longevity we cannot tell how close to this relationship the longevity 
curves are. We could obtain the correlation coefficients for 1/L against tem- 
perature and for R against temperature at the same saturation deficits and, if 
both were exceedingly high, suppose that at this saturation deficit and different 
temperatures L was highly correlated with R and probably determined by it 
But obviously this will not apply to longevity below 15° C.; for there maximum 
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length of life is probably determined by the capacity to utilize food or the 
water contained in it (p. 249). 

At 5 mm. saturation deficit the correlation coefficients of rate of water-loss 
and of 1/longevity with temperature (results for 7° C. omitted in r for 1/ 
longevity) are 0-9678 and 0-9236 respectively: they are both highly significant. 
The values of R and 1/Z used in the calculations were obtained from regression 
equations for # and for 1/Z against saturation deficit. This suggests that the 
relative positions of the longevity curves between 15 and 36° C. is almost that 
which would be expected if longevity was due entirely to rate of water-loss, 
below a certain maximum depending on the amount of water in the bugs, over 
the whole temperature range used. The accuracy of this conclusion must, 
however, be accepted with caution since the number of temperatures on 
which the correlation coefficients are based is so small. 


(2) The effects of a single feed on longevity 


The probable effects of food as a limiting factor in survival have been partly 
discussed in the preceding section. We must now compare the survival of fed 
with unfed bugs, i.e. bugs with different amounts of food and water available. 
It is convenient to compare fed with unfed 1st instars. Tables 1 and 7 and Figs. 
2 and 8 supply the data. We assume that the same amount of blood has been 
taken by each experimental batch. 


Table 7. Observed mean and maximum lengths of life of 1st-2nd instars of C. 
lectularius at constant temperatures and humidities. The bugs were fed once, 
as 1st instars, on rabbit 2 days after hatching. Length of life dates from 
hatching (Fig. 8) 

The numbers used refer to those insects which died as 2nd instars, except at 7° C. when 


moulting did not occur and all remained as Ist instars. 
Temperature variations as in Table 1. 


Mean length Maximum 
R.H. Sat. def. of life Stand. length of life No. of 
C. % mm. (days) dev. (days) bugs used 

7 6 7-05 98-6 43-40 155-160 44 
90 0-75 195-6 111-98 340-350 36 
15 6 12-03 98-3 33°45 150-155 13 
90 1-30 223-6 59-90 355-360 33 
25 7 22-10 23-8 2-59 28 46 
90 2-40 53-8 10-89 66-68 37 


Is the shape of the longevity-saturation deficit curve different with fed and unfed 
lst instars ? 

From Fig. 8 and Table 8 it is evident that at the higher temperatures 
(25° C. and above) the actual amount of increase in longevity of fed bugs is 
about the same at high as at low humidities. Mellanby’s (1935qa) figures for 
longevity at 36° C. show discrepancies, but it is probable that lethal effects due 
to heat alone were operating at this high temperature. Thus the curves for 
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unfed and fed bugs run parallel at the higher temperatures and are, therefore, 
not altered in shape. We can conclude, therefore, that the extra food lengthens 
life but that, at each temperature, the same factors limit survival as with the 
unfed bugs. 
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Fig. 8. Mean length of life of unfed and fed Ist instars (fed 1st =unfed 2nd instar at 15° C. and 
above) of C. lectularius in relation to temperature and humidity. All lines fitted visually 
(Tables 1 and 7). Data at 30 and 36° C. from Mellanby (1935a). 
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Table 8. Increase in survival time in days of fed 1st instar C. lectularius from 
times for unfed \st instars (Fig. 8). Data at 30 and 36°C. from Mellanby 
(1935) 


R.H. % 
(2 -—_—___— _ QE - \ 
°C. 0 6-7 30 60 90 
7 — 45:6 — — 2-1 
4 o 51-7 _ 115-2 
25 10-5 8-1 
30 4:28 — 2-48 2-87 2-43 
36 2-78 ~ 1-42 5-79 ~0-21 


At the lower temperatures, however (15° C. and below), the absolute in- 
crease in longevity is greater at the higher humidity. This indicates that the 
curves for fed bugs are different in shape from those for unfed bugs. But we 
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have already suggested that, since the longevity-saturation deficit curves are 
hyperbolic at 7 and at 15° C., water-loss is most probably the limiting factor in 
longevity between 6 and 90 % r.H.—in other words that from 6 to 90 % the 
food reserve does not appear to be fully utilized. Now since the 90 % R.H. 
value for longevity for fed bugs is relatively higher than the 6 % value, as 
compared with the value for unfed bugs, the curve for fed bugs is not hyper- 
bolic and the limiting factor at 90 % R.H., at least, is probably food: the pro- 
portion of water to food in fed bugs would indeed probably be higher than in 
the unfed ones. 


Are the relative positions of the longevity-saturation deficit curves different with fed 
and unfed 1st instars? 


If no change in relative positions occurs, i.e. if, in relation to temperature at 
a constant saturation deficit, longevity is still almost perfectly correlated with 
rate of water-loss, we should not, as appears at first sight, expect the same 
amounts of increase in longevity at each temperature. For at lower tem- 
peratures the same increase in amount of available water will be utilized more 
slowly and with a consequently greater effect on longevity than at higher 
temperatures. Thus temperatures which are associated with longer survival for 
unfed bugs should also be associated with greater increase of survival after 
feeding. This is in fact what we find (Table 8 and Fig. 8); the data are not, 
however, sufficiently complete to attack the problem arithmetically in order to 
see if the correlation of survival with rate of water-loss is equally good for fed 
and unfed bugs. 

At 7° C. we notice that the increase in longevity is not so great as at 15° C., 
and that the relative positions of curves for fed bugs at 7 and 15° C. are similar 
to those for unfed bugs. Once again it may be argued that, as with unfed bugs, 
not all the available water can be utilized at 7° C. but that, apart from this, 
water-loss limits longevity except perhaps at the very high humidities (p. 249). 

These conclusions differ somewhat from those drawn by Mellanby (1935a) 
on the effects of feeding on longevity. He worked only at 30 and 36° C. and 
noted that survival times in dry air were increased but that in “moist air, 
however, the survival time was not significantly altered”. Mellanby also 
considered that at 90°, R.H. unfed bugs died from starvation and not from 
desiccation but that at the lower humidities desiccation was the principal cause 
of death. Thus since no increase in survival times was noticed at 90 °% he 
concluded that “C. lectularius nymphs do not survive starvation (in distinction 
to desiccation) any better after feeding”. 

But if Mellanby’s figures are examined, it can be seen (Table 8) that ap- 
proximately the same amount of increase in survival times does occur at all 
humidities at 30° C. although at 90 °% r.H. the difference is not significant; and 
that although the smallest increase at 36° occurs at 90 °% the greatest occurs at 
60 % R.H. But at 36° C. the results are erratic and probably upset by the high 
temperature. The results at 30° C. agree quite well with mine at 25° C. and 
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reasonably well with those at 7 and 15° C. Thus Mellanby’s conclusion that 
there was no increase in survival at the high humidity was probably incorrect 
although it is indeed probable that food and not water is the limiting factor at 
90 %% R.H. But alternatively it may also be due to toxic effects of an excess of 
water in the tissues. Incidentally with C. rotundatus Mellanby found that 
feeding increased survival time even at high humidities. 

Thus summarizing the effects of a blood-meal on survival it may be assumed 
that at low relative humidities the effect of food is to increase the water supply 
which is probably the limiting factor in survival, but that at high humidities 
either an excess of water curtails longevity or that food becomes the most 
important limiting factor even at low temperatures where with unfed bugs 
water alone appears to be limiting. 


(3) The rate of water-loss and the law of saturation deficiency 


I have made no experiments on the loss of weight or of water with fasting 
bed-bugs. But some results obtained over a wide range of temperature and 
humidity have been published (Mellanby, 1932). An analysis of these data is 
necessary since certain of Mellanby’s conclusions require modification. 

In the first place, nearly all the weight lost by a fasting bed-bug can be 
attributed to water-loss. This has been demonstrated indirectly by Mellanby: 
he showed that protein is the principal food reserve and this breaks down to 
CO,, water and uric acid. Since uric acid is retained by the bug and the weight 
of carbon lost with CO, is nearly balanced by the oxygen taken in to produce 
metabolic water, water-loss alone remains to diminish weight. 

[ have calculated the percentage loss of weight per day (rate of water-loss) 
from Mellanby’s data and have plotted this against the saturation deficit of the 
atmosphere (Table 9, Fig. 9). The expected rates of water-loss and the regres- 
sion coefficients for the best fitting straight lines are given in Tables 9 and 10 
respectively. 

It can be seen that over the range from 0 to 90 %, R.H. the relationship is 
linear at each constant temperature: the agreement between observed and 
expected results is very close. It can, therefore, be concluded that the rate of 
loss in weight, or the rate of water-loss, is directly proportional to the saturation 
deficit of the atmosphere at constant temperatures between 8 and 38° C. and 
between 0 and 90 °%, R.H. This result is, of course, subject to the possible errors 
of technique described by Ramsay (1935a, b) but these are discussed later 
(p. 261). 

This was, however, not precisely Mellanby’s conclusion. He stated that 
“the rate of loss of water is not strictly proportional to the saturation de- 
ficiency” although it nearly was so (p. 426). 

Mellanby also concluded that “although the rate of loss of water was 
greatest in dry air, the rate of loss was relatively greater in moist air when the 
saturation deficiencies are compared” (p. 428). He concluded that the insects 
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Table 9. The observed and expected rates of loss of weight (loss of water) from 
fasting adult C. lectularius at various temperatures and humidities. Data 
from Mellanby (1932) 


Expected rates are calculated from the linear regression equation for the best fitting straight 
line for the observed data (Fig. 9). 
Rate of loss of weight 
% of original wt. per day) 





Sat. def. 


°C. % R.H. mm. Observed Expected 
37 0 46-9 13-00 13-18 
37 30 32-7 10-57 10-44 
37 90 4-7 5-00 5-04 
29 0 30-0 7:35 7-58 
29 30 21-0 6-75 6-26 
29 60 12-0 4-60 4-94 
29 90 3-0 3-70 3-62 
29 98 0-6 2-00 Not used in 
calculation 

22 0 19-8 4-80 4-60 
22 30 13-9 3-26 3-52 
22 60 7-9 2-41 2-42 
22 90 1-9 *s 1-38 1-31 
16 0 13-6 2-27 2-41 
16 30 9-6 1-99 1-95 
16 60 5-4 1-64 1-47 
16 90 1-3 0-86 1-01 

8 0 8-0 1-12 1-15 

8 30 5-6 0-98 0-90 

8 60 3-2 0-64 0-65 

8 90 0-8 0-39 0-40 


tended to conserve water in dry air but that they cannot prevent all evapora- 
tion because of their great proportion of surface area to volume. 
These conclusions were reached as follows: 
If two objects are losing water under different conditions at rates directly 
proportional to the saturation deficit, then 
loss of water 
saturation deficit 
should be constant. If the period of the experiment is different in each case, 
then 
loss of water —s._ | 
saturation deficit time 
should be constant. 
Mellanby calculated the values of 
loss of water 
saturation deficit « time’ 
rate of water-loss 


which is the same as : —, 
saturation deficit 


for the bugs kept under different climatic conditions. The values were not 
constant but varied, both with temperature and with different humidities 
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Fig. 9. Rate of loss of weight (loss of water) of fasting adult C. lectularius in relation to temper- 
ature and humidity. Unbroken lines are linear regression lines fitted to data of Mellanby 
(1932). Dotted lines fitted visually. 


Table 10. Regression coefficients, b, and their variances for rate of water-loss 


against saturation deficit at various constant temperatures. Calculated from 
data by Mellanby (1932) 
The regression coefficients express the effect of humidity on rate of water-loss at the various 
temperatures. The effect is greater at the higher temperatures (Fig. 9). 








c. b v (b) 
37 0-1929 0-0000008 
29 0-1463 0-000618 
22 0-1838 0-000239 
16 0-1142 0-000459 
8 0- 1051 0-000306 


at the same temperature (Table 11). It was because these values were highest 
at the higher humidities that the conclusion was reached that the loss of 
water was relatively greater at high than at low humidities. Therefore, 
the rate of water-loss was not considered to be directly proportional to the 
saturation deficit even at constant temperatures. 








258 The longevity of the fasting bed-bug 

oe loss of water .F 1 

moe TS. eee saturation deficiency time of exposure 
Mellanby (1932) for fasting adult bed-bugs 


calculated by 





R.H. % 

_—* . ‘ 

"Cs Days 0 30 60 90 
37 3 0-27 0-315 —- 1-04 
29 4 0-24 0-322 0-38 1-25 
22 8 0-242 0-233 0-302 0-69 
16 14 0-168 0-21 0-306 0-63 
8 28 0-15 0-179 0-201 0-49 


This argument is fallacious, however. While it is true that if rate/saturation 
deficit is constant the rate is directly proportional to the saturation deficit, the 
converse is not true. For if rate/saturation deficit is not constant, as Mellanby 
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Fig. 10. Illustrating rate of water-loss (R) when it is directly proportional to saturation deficit (8). 
(A) R/S=6 or r/s=r'/s’; 
(B) R/S=K/S+b or R=K+0bS; 
and r/s does not =7’/s’. 
found, then the rate may still be directly proportional to the saturation deficit 
for the following reasons: 

If the rate of water-loss is directly proportional to the saturation deficit, 
i.e. if rate increases with increase in saturation deficit in a linear manner 
(Fig. 10, A, B), then the following relationships may arise: 

l. r/s=r'/s’ =constant, 
R=bS 
or R/S=b (Fig. 10, A). 
Mellanby assumed that this always happened if rate was directly propor- 
tional to saturation deficit. 
2. r/s does not=r’/s’ and is not constant, 
R=K+bS 
or R/S=K/S+b and as S increases K/S+b diminishes (Fig. 10, B). 
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So that for R/S to be constant the linear part of the graph of rate against 
saturation deficit must always go through the origin. At different temperatures 
however (Fig. 9) the linear graphs between 0 and 90 °% R.H. lie one above the 
other and the expression AK varies with temperature. Some of Mellanby’s 
conclusions must, therefore, be modified, and others can be stated. 

) ee is not always constant although the rate of water- 
loss may be directly proportionai to saturation deficit. 

Rate = K +6 (saturation deficit). 

But if the graph was linear from 0 to 100 °4 R.H. and it passed through 
the origin only then would K=O and rate=6 (saturation deficit) or 
rate 
saturation deficit 

(2) The rate of water-loss (i.e. loss in weight) is directly proportional to 
saturation deficit at constant temperatures between 8 and 37° C. and between 
0 and 90 % R.H. at each temperature. The rate of evaporation is, therefore, not 
relatively higher at 90 % z.H. than at lower relative humidities. 

(3) There is then no evidence that the insects tend to conserve water in dry 
air. 

There are no data on the rate of water-loss in the bed-bug above 90 % R.H. 
except at 29° C., 98 % R.H. given by Mellanby. But, whatever the tempera- 
ture, it is unlikely that bugs would evaporate water into completely saturated 
air. Indeed Mellanby records that under those conditions no weight loss was 
detected. The graphs in Fig. 9 should, therefore, all be continued to meet at 
the origin at 0 mm. saturation deficit and 0 % per day weight loss. There is, 
therefore, a departure from linearity at the very high humidities: and at each 
temperature the graph is steeper above than below approximately 95 °/ R.H. 
A similar humidity change, has, therefore, a greater effect on the rate of water- 
loss above than below 95 °% r.H. Perhaps, as Mellanby suggested, the spiracles 
are open for most of the time in very wet air and closed more frequently at 
lower relative humidities. It is possible, too, that the loss of weight is not a 
very accurate measure of the loss of water and that an error, which varies with 
temperature, probably accounts for the greater steepness of the graphs above 
95 °% R.H.—also the variation in the temperature of K in the equation 
R=K+bS may possibly be due to either of these things. For K, it will be 
realized, indicates the point on the ordinate at which the inflexion of the graph 
occurs}, 

Another attribute thought to be possessed by the insects, which followed 
on the original assumption that R/S is always constant, was that a relatively 


= b, which is constant. | 


1 Since going to press, Dr K. Mellanby tells me that from subsequent observations he imagines 
that small quantities of clear fluid were sometimes excreted by bugs in his experiments (1932); 
and that in Ornithodoros moubata (Ixodidae) urination is greater at high than at low humidities. 
If this occurs also in Cimex it may account for the nonlinearity of the weight-loss graphs near 
0mm. saturation deficit and therefore for the expression K. 
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greater rate of water-loss at 90 % R.H. than at lower humidities kept the wet- 
dry ratio of the insect constant. It was thought that if the loss of weight was 
directly proportional to the saturation deficit the bugs would become dropsical 
at 90 °%, R.H. We have seen, however, from the longevity curves that dropsy 
probably does occur and that it may account for the departure of these curves 
from hyperbolas. But if Mellanby’s data are analysed it is seen that, although 
the proportion of dry matter at the end of starvation remains constant at 
90 °% R.H. for all temperatures, the amounts of water lost are also approximately 
the same. Since more metabolic water is produced at high than at low 
temperatures the wet-dry ratio should increase if the same quantities of 
water are lost. The data do not show this, probably because the amounts 
of water lost at 90 % R.H. are small compared with the errors in weighing 
the dried insects. 

(4) At any constant saturation deficit between 8 and 37° C., the rate of 
water-loss from Cimezx is higher at the higher temperature. This is to be 
expected from the higher rate of metabolism and presumably with the more 
frequent opening of the spiracles at. the higher temperatures: the rate of diffu- 
sion of water vapour away from the bug is also increased (see p. 261). 

(5) The graphs for rate of water-loss against saturation deficiency are 
steeper below 90 % R.H. at the higher than at the lower temperatures. There- 
fore, at any constant temperature between 8 and 37° C. the effect of the same 
change in humidity on the rate of water-loss from Cimez is greater at the higher 
temperatures. This is expressed by the regression coefficient b (Table 10) which 
indicates the steepness of the graph. 


The effect of temperature on the rate of evaporation from the cockroach has 
been studied by Gunn (1933) and by Ramsay (1935b). Both these authors found 
that just above 30° C. the rate of evaporation increased suddenly. This increase 
was attributed by Gunn to an increase in respiratory movements, but Ramsay 
has shown that increased evaporation occurs from the body surface and 
evidently coincides with a phase change in the fatty film on the surface. 

In Cimezx there is no very abrupt increase of rate of water-loss at about 
30° C. but above approximately 20° C. the curve rises rather more steeply 
(Table 12, Fig. 11). It is not known if this coincides with evaporation through 


Table 12. The rate of water-loss (°%, original weight per day) from the adult bed- 
bug in relation to temperature (Fig. 11). Values obtained by interpolation 
from Fig. 2 from data by Mellanby (1932) 


Saturation deficit (mm.) 





37 5-1 57 6-7 
29 3-9 4-4 5-1 
22 1-9 2-5 3-4 
16 1-4 1-8 2-4 

8 0-8 1-2 —_ 





mm 6m lke lO 
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the body wall: if so then much evaporation in nature must occur in that way. 
It is more probable that, from experimental error, the values for 22° C. are too 
small or those for 29° C. too large, thus causing an apparent sudden increase in 
rate: the lines for rate of loss against saturation suggest this. 

I have discussed what have appeared to me to be the most likely effects of 
climate and food on longevity. From the statistical point of view the meagre 
data (particularly for fed lst instars) have perhaps been strained to form 
hypotheses: but these seem to be consistent with the data and with what would 
be expected from physiological principles. 
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Fig. 11. Rate of water-loss of adult C. lectularius in relation to temperature at constant saturation 
deficits of 13, 8 and 5 mm. (Table 12). Values found by interpolation from Fig. 2. 


Mellanby’s experiments and my own were carried out with bugs in still 
air—except for adult longevity which has not been used in the discussion on the 
saturation deficiency law. Ramsay (1935a, b) has shown that results from ex- 
periments with still air may contain serious errors, mainly due to the building 
up of a higher humidity in the immediate neighbourhood of an insect than is 
reckoned with; but also to the varying degree with which this water vapour 
may be dispelled by diffusion which is itself strongly influenced by temperature. 
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The relative positions of the curves for longevity and for rate of water-loss tl 
against saturation deficit at the different temperatures may, of course, depend 1 
to some extent on the different rates of diffusion of water vapour away from the st 
bugs. But even anadult bed-bug isa relatively small insect and its rate of water- f 
loss is very slow. Mellanby moreover kept his insects singly in tubes: while the y 
results for the minute Ist instars resting on voile only about an inch away 

from the acid-water mixture controlling humidity would no doubt contain the 1 


very minimum of error from the building up of a microclimate. The high and 
almost identical values for the correlation coefficients for rate of loss and for 
longevity against saturation deficit (p. 248) with fed adults and with the very 
much smaller unfed Ist instars suggests that this error may be small. 

It is well to remember that mean values have been used in the discussion on 
longevity and rate of water-loss and a hypothesis has been formed which deals 
with aggregates, not with individual insects: departures by individual bugs 
from the average behaviour may be very great indeed. 


(4) Longevity in relation to the blood from various hosts 
Group 





The effect of the blood of different hosts on the longevity of bed-bugs has A 
been discussed in a previous publication (Johnson, 1937): but the survival B 
times of bugs fed on man and on rabbit were not compared. It is necessary to c 
know if there is a great difference between the longevity with the bloods of = 
these two hosts since rabbit, not man, which is the usual host in nature, has ' 
been commonly used for the longevity experiments in this paper. G 

H 
lst—2nd instars (Table 13). J 

With bugs fed on man (A. H.) and on rabbit there is a slightly longer sur- : 
vival time with man at the higher humidity. No difference occurs at 10% u 
R.H. when the life is quite short. Gen. 

mean 
Table 13. Length of life of 1st-2nd instars of C. lectularius at 25° C., 90 °%, and Pl 


10 %, R.H. Eggs were laid and 1st instars were hatched at 23° C. and were fed 


3 days after hatching on rabbit and on man (A. H.) at 25° C. Only bugs 
which moulted into 2nd instars are considered below. Longevity dates from 





hatching 
Rabbit A. H. 
s ne a ae 
Mean length Mean length 
of life and of life and 
stand. dev. stand. dev. ; 
No. No. (days) No. No. (days) Signif. 
% R.H. fed moulted — fed moulted — —*—— test 
10 50 43 21-73 2-60 70 40 21-55 2-42 Not signif. 
90 50 42 52-85 7-36 65 42 60-24 9-87 Signif. 


A4th-5th instars (Table 14). 


Comparison between the survival times of 4th-5th instars when fed on two 
different men (A. H. and C. J.) show a significantly longer survival on A. H. 
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than on C. J. This result is in agreement with a previous experiment (Johnson, 
1937). The experiment in Table 14 on 4th—5th instars was really undertaken to 
see if the longer life on A. H.’s blood was due to a larger feed being taken than 
from C. J. That this is not so is evident; for larger feeds were taken from C. J. 
yet bugs lived for the shorter time on his blood. 


Table 14. Mean and maximum length of life of 4th-5th instars at 22-:5° C., 
75 % R.H. and the weight of blood-meal. Bugs were reared on man (A. H. 
and C.J.) with one feed per instar at 22-5° C. 75 % r.u. Unfed 4th instars 
were selected and allowed to feed once, to repletion, on A. H. or on C.J. 
9 days after moulting. These were allowed to moult and the 5th instars were 
allowed to starve to death without further food. Longevity dates from feeding of 


4th instar 








A. H. C. J. 
A eo A 
Mean Mean Mean Mean Mean Mean 
length of wt. of wt. of Maximum length of wt. of wt. of Maximum 
life unfed 4th _blood- length life unfed 4th _ blood- length 
No. (days) instar meal of life No. (days) instar meal of life 
Group bugs and s.p. (mg.) (mg.) (days) bugs and s.p. (mg.) (mg.) (days) 
A 5 158-2 1-05 4:77 175 4 139-6 1-04 6-91 174 
B 5 146-2 1-10 4-37 175 4 123-0 0-93 5-82 128 
C 5 141-8 1-15 4-63 178 + 166-6 1-38 6°37 174 
D 5 127-4 1-10 4-64 134 4 120-3 1-19 6-01 139 
E 4 139-5 1-13 4-81 171 4 146-4 1-25 5-75 168 
F 4 130-8 1-09 4-40 147 3 93-0 0-97 5-40 99-105 
G 4 126-3 1-21 4-99 134 4 149-1 1-40 6-04 175 
H 4 125-5 1-26 5-36 141 3 155-8 1-39 5-41 165-168 
J 4 158-8 1-29 5-19 179 3 99-0 1-09 5-68 114 
K t 140-3 1-14 4:31 160 4 101-8 1-15 5-24 111 
L 4 139-0 1-23 4-94 157 + 124-6 1-19 4-95 160 
M 3 152-3 1-17 4-86 162 2 130-0 1-07 5-53 133 
Gen. 51 140-15 1-15 4-76 159-4 43 130-17 1-18 5-79 145-4 
means 8-99 11-98 
and 
totals 


Difference of general means for longevity is significant. 


Thus, the differences which exist between rabbit-fed and man-fed bugs are 
not likely to be important in the interpretation of these experimental results 
to longevity under natural conditions. Other factors, particularly activity, 
probably outweigh such differences. 


(5) Longevity in relation to the size of the bug and the size of the meal 


It was thought that individual variation in longevity might be correlated 
either with the weight of the meal taken (bugs were allowed to feed to reple- 
tion), the weight of the bug, or the weight of the meal per milligram of bug. 
But correlation coefficients from each of these with longevity on 4th—5th 
instars and on fertilized females at 22-5° C. and 75 % R.H. and 23° C. and 90 °®, 
R.H. respectively were very small and not significant. With a large amount of 
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data a significant correlation with the weight of blood taken may be found but 
it is likely to be exceedingly small with fully fed insects. 


(6) Verginity and survival 

Table 4 gives the data. Females which are given one feed, kept with a male 
and allowed to lay eggs and then starved till death do not live so long as 
unmated females fed once. Copulation appears to have no effect on the length 
of life of the males: for those which were kept unmated and singly in tubes live 
precisely as long as those kept permanently with a female. These results apply 
to 23 and 7° C., although the females laid no eggs at 7° C. 

This result agrees, as far as the effects of fertilization are concerned, with 
that of Mellanby (1939). I do not agree, however, that in itself the shorter life 
of the fertilized bug can be used in argument against Cragg’s theory that the 
sperm has nutrient properties, for, even if these existed, the increased meta- 
bolic rate following fertilization may mask nutrient effects of the sperm. 

Like Kemper (1930) I find that with mated adults males outlive females 
except at very low temperatures. With virgin bugs, however, females live 
longer than males. 


(7) Discussion of discrepancies in the results of various workers 

In making comparisons between the survival times for C. lectularius 
recorded by other workers and those from my experiments I have used only 
records which state, in some degree, the conditions under which the experi- 
ments were made. But even so, it is not easy to draw conclusions from the 
comparison: for full details of experiments are often not stated. Geisthardt’s 
values, moreover, are maximum not average survival periods, and he gives no 
indication of the numbers of bugs used nor of the variations in survival times. 


lst instar. 

The results of Mellanby (1935a) have already been discussed : the insects he 
used were from the same stock as those in my experiments and it is seen from 
Fig. 2 that Mellanby’s data for 30 and 36° C. fit well into my system of graphs. 
Bacot’s (1914) figures at 31 and 32° C. are also reasonably close to mine. But 
Bacot’s data at 24°C. show a much shorter survival period than either 
Kemper’s or my own data at comparable temperatures. At 22° C. bugs lived 
much longer in Kemper’s experiments than is to be expected from my data: 
and the survival times recorded by Jones (1930) are, too, somewhat longer than 
in my records. 


Adults. 

Similar differences exist for adults, but here comparison is more difficult, for 
the virgin or mated condition (which is not always indicated) has a strong 
influence on the length of life of fasting bed-bugs. Moreover, in Kemper’s work 
adults were not fed after moulting and Geisthardt’s bugs were of unknown age 
(‘‘Fiir meine Versuche wurden nur Tiere mittleren Alters verwandt, die aus 
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den Untersuchungen iiber die Eiablage stammten”) when the experiment 
started. Moreover he states neither the mean survival nor the proportion of 
the sexes in his experiments: the latter is important in view of the differences 
in longevity between males and females. But in spite of these differences, which 
in general would tend to give shorter survivals than I have recorded, the 
opposite is generally the case. This applies also to 5th instars, for although the 
survival timesrecorded by Kemper are almost identical with those in my experi- 
ments (Table 14) Kemper kept his bugs at a lower humidity (40-45 %% R.H. 
compared with 75 % R.H. in my work): his experimental temperature was 
almost the same as mine (22° against 22-5° C.). 

My previous results on the same Cimezx stock as I have used recently com- 
pare quite well with the present data. If the unmated adults (Johnson, 1937, 
Table 9) are excluded for reasons stated below,! the survival times for adults 
are not widely discrepant if the bugs fed on man are compared with those fed 
on rabbit (Table 4). 

Let us consider the longevity of fed 1st instars (2nd instars unfed). Fed lst 
instars (lst-2nd instar) in Kemper’s experiment lived 83-65 days at 22° C. 
and 40-45 % R.H.: these were fed on man. In my previous experiments (Table 
13, 1937) at 23-5° C. and 75 % r.u. the survival times on man were 46-23 days 
(on A. H.) and 37-59 days (on C. J.). Thus Kemper’s fed Ist instars were very 
much longer lived. A direct comparison of Mellanby’s results (1935a) and 
mine is possible for we both used the same stock and worked at 30° C., 0% 
r.H. My experiments give 19-50 and 19-34 days and Mellanby’s 9-96 days. The 
difference in host blood could scarcely account for this discrepancy, and the 
tendency is for man-fed bugs to survive longer. 

On the other hand if fed 1st (unfed 2nd) instars in Table 7 are compared 
with the results set out in Table 13 and in my previous paper we see that my 
own results compare well with each other—e.g. at 25° C. rabbit-fed bugs lived 
for 23-8 and 53-8 days at 7 and 90 °% R.H. respectively (Table 7 this paper), and 
in another experiment carried out at an interval of several months from the 
other the survival times were 21-73 and 52-86 days at 10 and 90% R.H. 
respectively (Table 13 this paper). In the latter table bugs survived on blood 
from man (A. H.) 21-55 and 60-24 days at 10 and 90 % R.H. and 25° C. which 
compares quite favourably with 46-23 at 23-5 and 75 % R.H. in the previous 
(1937) experiment and when the same host was used. 

How are we to account for the discrepancies between the results of various 
workers? It seems to me that there are several possibilities which may occur 
and which may each or all influence the results: and that in the present state of 
knowledge it is difficult to say which is responsible. 

’ In previous experiments (Johnson, 1937, Table 9) I made the reservation that the length of 
life might have been influenced by the fact that the bugs had wire loops around the pronotum 
(Mellanby, 1932) and were weighed at intervals. Thus, as well as disturbing them considerably by 
the weighing, the wire may have caused an abnormal amount of movement. This method was 


discarded in the other experiments on longevity in the same paper: it was not used at all in later 
work. 
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(1) Differences in technique. This involves errors in control of humidity 
and less so with temperature: also, as Mellanby has pointed out (1938, 1939), 
differences in the amount of activity will be induced in the insects by different 
methods of inspection. 

(2) Variation in the constitution of the insects used by different 
workers. 

(3) Differences in hosts used and in the actual amounts of blood ingested 
(if bugs do not feed to repletion) both before and at the start of the experiment. 
And even if two different hosts of the same species are used (e.g. man) varia- 
tions in survival times will occur when the conditions of the experiments are 
otherwise identical (Johnson, 1937). 

(4) Conditions under which bugs had been reared previous to the experi- 
ment. If, for example, bugs are bred at 28° C. with two weekly feeds adults 
will lay eggs without a meal after the last moult: but this will not occur if bugs 
are bred at 23° C. with one feed per instar. Presumably more blood is carried 
over after the last moult with the former conditions. 

(5) Small numbers of insects may give erroneous results although statistical 
tests are applied, and significant differences are found. For example, the 
quantities of food ingested during development may be widely different even if 
the insects are not fed as adults, and the use of very small samples will increase 
the chances of error. 

Mellanby (1938) claims that the differences between the results of Kemper, 
Geisthardt and Johnson depend on the extent to which the technique of the 
different workers disturbs the insects, thus causing them to run about and to 
die quickly, and attributes the very long survival in his experiment to absence 
of such disturbing factors. But we do not know what methods have been used 
by the various workers to detect whether an insect was dead. The errors due to 
disturbance are undoubtedly very important indeed but there are others 
which, I think, must also be considered. Also I feel that Mellanby’s experi- 
ments (1938, 1939) may be open to objection on one or more of the variables 
listed above. Since, in general, my results show shorter survival times than 
those of other workers, it would be reasonable to suppose that, if Mellanby’s 
view is the correct one, more activity was induced with the bugs in my experi- 
ments than in most of those of other workers. I therefore give below the details 
of the method of inspection which I employed. 

Bugs were inspected usually at intervals of 3-6 days. Adults were kept 
singly or in pairs and Ist instars in batches of 30-50 in 2 x 1 in. tubes with voile 
on both ends. No paper was put in the tubes and the insects rested on the voile. 
They thus had comparatively little space on which to move about. 

When adults were inspected they were touched with a blunt needle which 
was pushed up through the voile. If alive they moved a leg or shifted their 
position by about a millimetre. Bugs were markedly disinclined to move when 
touched and I never saw one run across the voile as the result of this treatment. 
It is not easy to tell if an adult is dead merely by looking at it: for after death 
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the insect may cling to the voile or to paper if it is rough and have the usual 
appearance of a live insect. 

With first instars the tube was held on one side and tapped gently: dead 
bugs then fell from the voile and could be examined. By experience I know 
that this method is rarely fallible and it is seldom necessary to touch a bug 
with a needle to tell if it is alive or dead. Sometimes of course live bugs fall 
with the dead ones and this over a long period may cause some activity. But 
usually the handling or tapping of a tube causes the live bugs to tighten their 
grip. As with adults the 1st instars sat still and were rarely seen to move more 
than a few millimetres. This applies particularly to temperatures of 15° C. and 
lower and it is doubtful whether activity became a serious factor in causing 
error at these temperatures. It was necessary to touch bugs at 7° C. to detect 
death but this seemed to involve no subsequent activity. 

Movement, on the other hand, may have occurred at other times due to 
stimuli such as switching on a light in the constant temperature room: but 
bugs are very reluctant to move even when a strong light is turned on them 
once they have become ensconced in an angle between voile and tube. And the 
amount of movement at times when bugs were not seen (e.g. at night) is quite 
unknown—but this applies also to Mellanby’s experiment (1938, 1939). 
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(8) Some maximum times of survival 


Kemper found that, of all the stages, the 5th instars and the adult males 
were able to survive starvation longest. His data at 22° C., 40-45 °% R.H. in 
days are 

Instars 





5th adult 


—— toe 
1 unfed 1-2 2-3 4-5 ; 


Mean survival 46°3 83-7 1264 141-8 142-6 130-6 
(days) 

My own results show a somewhat similar relationship. Omori (1938) work- 
ing with C. lectularius at 0° C. concluded that fed adults survived longest and 
could live for more than 175 days while few unfed Ist instars lived more than 
150 days, Geisthardt however found that Ist instars hatched at 18° C. lived up 
to 180 days and attributes the long survival time at this temperature to the 
fact that the eggs hatched at 18°C. and not at 27°C. In my experiments 
maximum survivals for unfed Ist instars were 210-13 days at 7° C. and 90 % 
R.H. and 355-60 days for 2nd instars at 15° C. and 90 % r.H. Bacot (1914) kept 
bugs fasting in various stages of development in an outhouse for 18 months and 
induced them to feed after this period. 

With adults Geisthardt records 326 days at 14° C., but since the bugs were 
kept at 22° C. for 2 days before the experiment he estimates that they may have 
lived for 600 days had they been kept at 14° C. continuously. The longest lived 
adult in my experiment was a female at 13° C., 90% R.H. (probably about 
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optimal for survival): she died between the 562nd and 572nd day after feeding. 
Although this bug was kept for many months with a male she laid no eggs 
(13° C. is the ovipositional threshold) so there is some doubt if she was mated: 
but if so then this period of survival would be by no means the maximum, for 
virgin bugs are the longer lived. It is conjectural whether it would have fed 
and oviposited towards the end of the starvation period. 

Thus it may be expected that, if a house has remained unoccupied for a 
long time, 5th instars and adults (particularly unmated females) would be 
most likely to predominate in the surviving population. But until the effects 
on longevity of the variables listed on p. 266 have been worked out it is not 
possible to say what the maximum survival time could be. 


IV. SumMARY 


1. With unfed Ist instars the relation between mean length of life and 
saturation deficit at constant temperatures between 7 and 15° C. at relative 
humidities between 7 and 90% is hyperbolic. The relationship becomes more 
linear at higher temperatures. 

At constant saturation deficits insects live longer at 15° C. than at lower 
temperatures. Longevity also decreases with rise of temperature above 
approximately 15° C, 

2. In general, the longevity curves, except for those at temperatures below 
15° C., bear a very similar relation to saturation deficit and to each other as the 
reciprocal curves for rate of water-loss at the different temperatures. 

The influence of climatic factors on longevity at constant temperatures is 
discussed at length and it is concluded that over much of the temperature and 
humidity range survival time is limited by water-loss. At the higher humidities 
it is thought that either food, or perhaps an excessive accumulation of water 
within the insect, limits survival and causes a departure from the hyperbolic 
relation of longevity to saturation deficit. 

3. The effects on longevity of a single meal are discussed. The principal 
effect of a blood meal is to increase the time of survival. But the factors which 
limit survival at different humidities appear to be the same as with unfed bugs, 
except at high humidities below about 15° C. 

4. Mellanby’s data on the rate of water-loss from fasting adult bed-bugs is 
analysed. It is found that the rate of water-loss is directly proportional to 
saturation deficit at constant temperatures between 8 and 37° C. and between 
0 and 90% R.H. Although the rate may always be directly proportional to 
saturation deficit, the expression oe deficit is not always constant. 

Rate = K +6 (saturation deficit), where K varies with temperature and b 
remains constant. 

5. Longevity in relation to host blood is discussed. Rabbit blood appears to 
be slightly less favourable to survival than human blood. 
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6. If bugs are allowed to feed to repletion, longevity is not correlated with 
the size of the meal, nor with the weight of the unfed insect. 

Virgin females live longer than mated ones, but no effects of mating on 
survival were noticed with males. Mated males tend to outlive mated females 
except at very low temperatures: virgin females live longer than unmated 
males. 

7. The results of other workers and the possible causes of some discre- 
pancies are discussed. 

8. The maximum survival times of bugs are listed. Adults and 5th instars 
live longer than other stages. In a house which has remained empty for a long 
time it is probable that 5th instars and adults, particularly unmated female 
adults, would predominate in the population. 

The longest observed survival was between 562 and 572 days. 


I am greatly indebted to Prof. P. A. Buxton for his generous help, to Dr 
W. J. Martin for advice on statistical matters and to the Medical Research 
Council who supplied the grant. 


REFERENCES 


Bacort, A. W. (1914). The influence of temperature, submersion and burial on the survival of 
eggs and larvae of Cimex lectularius. Bull. ent. Res. 5, 111-17. 

Buxton, P. A. (1932). Terrestrial insects and the humidity of the environment. Biol. Rev. 
7, 275-320. 

Fisuer, R. A. (1936). Statistical Methods for Research Workers. London: Oliver and Boyd. 

GEISTHARDT, G. (1937). Uber die dkologische Valenz zweier Wanzenarten mit verschiedenem 
Verbreitungsgebiet. Z. Parasitenk. 9, 151-202. 

Gunn, D. L. (1933). The temperature and humidity relations of the cockroach (Blatta 
orientalis). I. Desiccation. J. exp. Biol. 10, 274-85. 

Jounson, C. G. (1937). The relative values of man, mouse, and domestic fowl as experi- 
mental hosts for the bed-bug, Cimex lectularius L. Proc. zool. Soc. Lond, ser. A, pt. 1, 
107-26. 

—— (1939a). Development, hatching and mortality of the eggs of Cimex lectularius L. 
(Hemiptera) in relation to climate, with observations on the effects of pre-conditioning 
to temperature. (In the Press.) 

—— (19396). The maintenance of high atmospheric humidities for entomological work with 
glycerine-water mixtures. (In the Press.) 

Jones, R. M. (1930). Some effects of temperature and humidity as factors in the biology of 
the bed-bug (Cimezx lectularius Linn.). Ann. ent. Soc. Amer. 23, 105-19. 

Kemper, H. (1930). Beitrage zur Biologie der Bettwanze (Cimez lectularius L.). I. Uber den 
Einfluss des Nahrungsmangels. Zeit. morph. Oekol. Tiere, 19, 160-83. 

KirKPATRICK, T. W. (1923). The Egyptian cotton-seed bug (Oxycarenus hyalinipennis), its 
bionomics, damage, and suggestions for remedial measures. Min. Agric. Egypt. T'ech. 
Sci. Service Bull. no. 35. 

MELLANBY, K. (1932). Effects of temperature and humidity on the metabolism of the fasting 
bed-bug (Cimez lectularius), Hemiptera. Parasitology, 24, 419-28. 

(1935a). A comparison of the physiology of the two species of bed-bug which attack 

man, Parasitology, 27, 111-22. 





270 The longevity of the fasting bed-bug 


MELLANBY, K. (19356). The evaporation of water from insects. Biol. Rev. 10, 317-33. 
(1936). Humidity and insect metabolism. Nature, Lond., 138, 124. 
(1938). Activity and insect survival. Nature, Lond., 141, 554. 
(1939). Fertilization and egg production in the bed-bug, Cimezx lectularius L. Para- 
sitology, 31, 193-9. 

MELLANBY, K. & Buxton, P. A. (1935). A toxicemanation from rubber. Nature, Lond., 136, 
873. 

Omort, N. (1938). Experimental studies on the influence of low temperatures upon the 
common bed-bug (Cimex lectularius Linnaeus). First Report: on the influence of a 
temperature of 0° C. J. med. Ass. Formosa, 37, 1081-1103. 

Ramsay, J. A. (1935a). Methods of measuring the evaporation of water from animals. J. exp. 
Biol. 12, 355-72. 

—— (19356). The evaporation of water from the cockroach. J. exp. Biol. 12, 373-83. 

WicGLeswortH, V. B. (1931). Effect of desiccation on the bed-bug (Cimezx lectularius). 
Nature, Lond., 127, 307-8. 


(MS. received for publication 21. x1. 1939.—Ed.) 














HEXACOTYLE EXTENSICAUDA N.SP., A MONO- 
GENETIC TREMATODE FROM THE GILLS OF THE 
TUNNY (THUNNUS THYNNUS L.) 


By BEN DAWES, D.Sc. 
Department of Zoology, King’s College, University of London 


(With 6 Figures in the Text) 


Tuts description is based upon a study of six identical monogenetic trematodes 
which were collected from the gills of the tunny by Mr F. S. Russell, F.R.S., 
and which were presented to the writer for identification. They had been fixed 
already in a flexed but otherwise excellent condition in Bouin’s fluid on cleanly 
cut pieces of gill tissue to which they were adherent. Two of the specimens 
were cut into serial sections while still im situ on the gills, and the remaining 
specimens were detached carefully from the gills and examined whole!. Gill 
tissue of the fish in the vicinity of the parasite was seen to be modified and 
such observations as could be made on the effect of the parasite on the tissues 
of the host have been recorded. 

Identification of these trematodes as members of the genus Hezacotyle 
de Blainville presented no difficulty. The form of the body and the unique 
nature of the organs of adhesion are characters which permit of clear diagnosis 
even in unstained and uncleared specimens. Closer examination of the speci- 
mens showed, however, that they do not belong to any species hitherto de- 
scribed and for this new species the specific name extensicauda (Lat. extensum, 
stretched out; cauda, tail) is proposed because it emphasizes a characteristic 
departure from the usual form of the body which has been described for other 
species. 

THE SPECIES OF THE GENUS Hexacoryce DE BLAINVILLE, 1828 


Five species of this genus are known. They are: H. thynni (de la Roche, 
1811) v. Nordmann, 1840; H. thunninae (Parona & Perugia, 1889); H. acuta 
Goto, 1894; H. grossa Goto, 1894; H. dissimilis Yamaguti, 1937. H. thynni 
was first described under the name of Polystoma thynni and was re-named 
P. duplicata and Plagiopeltis duplicata by Rudolphi (1819) and Diesing (1850) 
in turn. Hezxacotyle thunninae was first described as Octocotyle thunninae and 
was placed in the present genus by Goto (1898-1900), who re-examined a 
mounted specimen made by Parona and was satisfied “beyond doubt” of the 
validity of his claim for generic shift. 

The literature bearing upon the genus is seriously marred by the lack of 
an adequate description of Hexacotyle thynni. Goto experienced some diffi- 
culty because of this fact in describing his species H. acuta and H. grossa and 

1 Whole mounts were stained in paracarmine, sections in Ehrlich’s haematoxylin and eosin. 
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based his opinions of the validity of these species upon the differences between 
them and the species H. thynni as diagnosed by St Remy (1891). In view of 
the special difficulty which prevails it is perhaps advisable to restate this 
diagnosis, which is as follows: ‘Corps déprimé; extrémité antérieure trés 
étroite et trés pointue, s’élargissant rapidement et fortement en arriére et se 
terminant par une expansion qui porte les huit ventouses sessiles, elliptiques, 
a grand axe oblique, pourvue d’une armature chitineuse; les trois externes de 
chaque cété sont grandes, l’interne est trés petit; & l’extrémité méme du corps, 
sur la ligne médiane, deux pairs de crochets, les antérieurs assez longs, les 
postérieurs trés petits. (Zufs ovoides avec deux prolongements polaires.” 
St Remy added in a later paper (1898): “armature génitale formée de deux 
piéces allongées, arrondies en dehors, dentelées en dedans. Orifice vaginal 
dorsal, évasé, 4 bord franges; a l’intérieur du canal on remarque de trés petits 
crochets. ” 

Goto’s species differ from H. thynni in the general form of the body and in 
the disposition of the hooklets; the inner pair of much smaller hooklets do not 
lie in front of the outer pair of larger ones. H. dissimilis differs from other 
species of the genus in a curious asymmetry of the body, which possesses only 
six posterior suckers, three large outer and one small inner on the left side, 
but only one large outer and one small inner on the right side. 

In all species except H. thunninae the posterior end of the body is abruptly 
truncated so that the suckers lie almost if not quite in the same transverse 
plane. In H. thunninae, according to the figures of Goto and of Parona (1919), 
the posterior suckers follow the rounded outline of the body and have their 
long axes set more or less transversely. In H. extensicauda the posterior end 
of the body is much more attenuated than is the case in other species and the 
suckers of a row lie almost exactly one behind another, with only a narrow 
median zone of tissue separating those of the right from those of the left side 
(Fig. 1 A). Other characters by which these two species can be differentiated 
will be mentioned presently. 


External characters 


The flattened body of H. extensicauda (11 mm. long) is marked out into 
anterior, middle and posterior divisions of unequal length (1-5, 5-5 and 4-0 mm. 
respectively) and width (1-3, 3-3 and 2-6 mm. respectively). The anterior 
division passes abruptly into the middle one, which is separated from the 
posterior division by a narrow “waist” (1-7 mm. wide) (Fig. 1 A). The anterior 
end extends into a median papilla (0-25 mm. long and 0-3 mm. wide) with a 
fine lumen (referred to as the papillary tube), the middle region is oval in 
outline, and the posterior region widens a little and then tapers gradually to 
its termination. Three pairs of large and one pair of small posterior suckers 
are set one behind the other in the posterior region, the tapering outline of 
which they follow. They are oval in shape and their long axes lie almost 
exactly in the transverse plane (strictly, the median part of the rim of each 
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Fig. 1. Hexacotyle extensicauda. A, entire animal. B, anterior end of another individual, 
C, longitudinal section of the anterior end of a third individual. 
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sucker is slightly anterior to the lateral part). The suckers differ in relative 
size and in other characters from those of other species. 

The integument is covered with exceedingly thin cuticle, which follows 
superficial microscopic corrugations of the body and is smooth. The papillary 
tube has a lining of similar material, beneath which is a layer of oblique muscle 
fibres. Examination of different individuals shows that this anterior tube is 
really a part of the external surface of the body which is thickened locally to 
form a pair of minute anterior suckers about 0-1 mm. in diameter (Fig. 1, a.s.). 
The deeper part of the papillary tube presumably represents a prepharynx 
which has been formed by invagination of the body surface. The true mouth is 
a minute opening situated at the tip of a tongue-like process which projects 
into the base of the papillary tube. Cuticular thickenings of the rim of the 
mouth opening form two papillae which lie on opposite sides of the opening 
and about 0-010 mm. apart. The outer wall of the tongue-like process is 
continuous with the lining of the papillary tube, and this in turn is continuous 
with the integument of the anterior papilla of the body. 

Two other openings are evident on the surface of the body, namely, the 
common genital pore and the vaginal pore. The former is a median ventral 
opening immediately anterior to the junction of anterior and middle divisions 
of the body, while the latter is a median dorsal opening situated a short dis- 
tance further back (Fig. 1A, g.p., v.p.). The openings of the excretory system 
cannot be made out with certainty but there are signs of them in sections of 
the anterior division of the body, in front of the genital atrium. 

Three highly refractive skeletal pieces of complicated shapes are set across 
the short axis of each large posterior sucker. Their positions in relation to 
the whole animal are progressively more lateral to one side of the median 
plane, and they are referred to as median, middle and lateral pieces. Super- 
ficially they have a rather hook-like appearance but study of sections shows 
that they do not reach the surface of the sucker. The middle piece is at the 
same time larger and more elaborate than the remaining pieces and consists 
roughly of an X-shaped bar raised up from a basal plate. Corresponding 
pieces are in general similar in all three pairs of large suckers but differences 
in shape, which by their complexity defy description, can be made out (Fig. 2; 
1, 2 and 3). The skeletal pieces of the small, most posterior suckers are smaller 
and very different from those of the larger suckers (Fig. 2; 4). Goto (1894) 
did not observe any differences which might exist between corresponding 
skeletal pieces of different suckers in H. acuta, H. grossa and H. thunninae, 
but the structures seen in H. extensicauda show marked differences from the 
“typical” ones which are shown in his figures. Of the three species, H. thun- 
ninae most resembles the writer’s species in the characters of these skeletal 
supports. 

In dealing with measurements of the suckers in H. extensicauda the writer 
deemed it advisable to collect comparative data for other species. Unfor- 
tunately, Goto did not specify sizes for H. acuta and H. grossa and they have 
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been determined by careful measurements of his figures. The writer is indebted 
to Mr D. A. Kempson for these measurements, which were made with the aid 
of engineer’s vernier calipers. The data for H. thunninae are derived from 





Fig. 2. H. extensicauda. Cuticular skeletal supports of the suckers; first (1), second (2) 
and third (3) suckers; small, most posterior sucker (4). 


Goto’s measurements. The suckers were measured consistently along the long 
axis (Table 1). 

Although the figures cannot be regarded as very accurate it seems to 
be indisputable that the suckers of H. extensicauda are significantly larger 
than those of other species. The size of the body in the various species 
mentioned is fairly uniform (11-12 mm.) excepting H. grossa, which is larger 
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(18 mm. long). A point of interest is that both small and large suckers are 
relatively much larger in H. extensicauda than in other species. Only in 
H. thunninae is the ratio of the sizes of small and large suckers greater than it 
is in H. extensicauda. The condition which led Goto to describe the suckers of 
H. thunninae as “nearly of the same size” is due mostly to the relatively small 
size of the larger suckers in this species. H. extensicauda seems to be clearly 
differentiated in respect of this character from H. thunninae, and is inter- 
mediate between it and remaining species. This differentiation is interesting 
in view of the fact that the writer’s species resembles H. thunninae more than 
other species in the form of the body. 


Table 1 
Rati Large sucker Small sucker Small sucker 
atios = : 

Length of body Length of body Large sucker 
H. thunninae 0-031 0-019 0-61 
H. grossa 0-037 0-008 0-21 
H. acuta 0-040 0-012 0-29 
H. dissimilis 0-050 0-016 0-33 
H. extensicauda 0-067 0-030 0-45 


In all species of Hexacotyle two pairs of hooklets are set in the integument 
in the median field of the body between the small posterior suckers. The 
hooklets of one pair are much smaller than those of the other. In H. thynni 
the larger hooklets are situated in front of the smaller ones (as St Remy’s 
diagnosis makes clear) but in other species all the hooklets lie in roughly the 
same transverse plane, the smaller ones nearer to the median line. The sizes 
of the hooklets vary in different species (Table 2). It is of interest to note 
that increase in size of the suckers is in species of Hexacotyle correlated with 
diminishing size of hooklets. A point of some importance is that in H. thun- 
ninae the hooks are very large. Species which are most similar in the form of 
the body lie at opposite ends of the series here arranged, in respect of both the 
size of the suckers and the size of the hooklets. On these grounds alone it 
would seem that the claim for the erection of a new species for H. extensicauda 
is well justified. 

Table 2 


Large hooklets Small hooklets 


mm. mm. 
H. thunninae 0-128 0-048 
H. grossa 0-126 0-040 
H. acuta 0-090 0-030 
H. dissimilis 0-090 0-015 
H. extensicauda 0-075 0-015 


In all species of Hexacotyle the large hooklets are strongly recurved at the 
tip and possess each a “guard”, which is curved and which approaches the 
hook in pincer fashion. Goto states than in H, grossa and H. acuta they are 
hollow, but this does not seem to be true for H. extensicauda, in which the 
large hooklets are formed of bilateral halves separated by a shallow groove. 
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Intequment and muscle layers 


The cuticular covering of the body does not seem to exceed about 3p in 
thickness. It is clear except at its upper and lower edges, which are dark in 
stained preparations. The outer surface of the cuticle is darkened by adsorbed 
dye but the lower surface shows innumerable granular bodies, which may be 
resolved here and there into fibrils. This exceedingly thin layer may be 
considered as the remains of the single circular muscle layer, which according 
to Goto are wanting, in species of Onchocotyle as well as in those of Hexacotyle. 

Other muscular layers are well developed but vary greatly in thickness in 
different regions of the body. An interesting feature of the muscular layers is 
the absence of nuclei. 

The outermost layer of muscle fibrils is only 0-03 mm. thick in the anterior 
part of the body but the thickness increases to 0-05 mm. some distance further 
back and to 0-07 mm. in the posterior portion of the body. The fibrils are set 
vertical to the surface of the body but their deeper ends pass obliquely 
forwards or backwards in minute bundles into the deeper longitudinal muscle 
layer. 

The longitudinal muscles are divided into two bundles of fibrils, which 
form respectively what can be referred to as superficial and deep longitudinal 
layers. The thickness of these layers is greater dorsally than ventrally, and 
posteriorly than anteriorly. The intervening strip of parenchyma likewise 
varies in thickness, as shown in Table 3, for the ventral side. The greater 
thickness of the deep longitudinal muscle layer posteriorly is associated with 
the adhesive action of the posterior suckers. 


Table 3 


Superficial Deep 
longitudinal Parenchymatous _ longitudinal 
muscle layer connexion muscle layer 

mm. mm. mm. 
Anteriorly 0-015 0-02 0-06 
Posteriorly 0-020 0-11 0-14 


The parenchyma is a fairly dense tissue comprising a feebly stained net- 
work of cytoplasm with relatively very few nuclei. It is a true syncytium, 
which enters into the composition of the various ducts and channels of the 
internal organs. Such ducts appear to be formed of minute fibrillae and show 
not a sign of nuclei except in the syncytium outside. Numerous fibrils of a 
muscular character traverse the parenchyma dorso-ventrally (the vertical 
muscles) and many pass through it in various directions. 

The large posterior suckers are shallow and saucer-like in section. The 
tissue of which they are composed is continuous with the oblique muscle layer 
of the body. The concave surface of each sucker is lined with a superficial 
layer of fibres which completely covers the skeletal supports. Above the middle 
piece of each sucker there is a much greater thickness of fibres, so that large 
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as the skeletal piece is it does not project from the surface (Fig. 3 A, m.s.p.). 
The basal plate of the skeletal support lies beneath the mass of vertical fibrils 
of which the sucker is composed. The average thickness of the rim of the 
sucker is about 0-15 mm. 

The most posterior suckers are much more strongly concave than any of 
the larger suckers and the sectional outline is almost circular. In animals 
which are still attached to the host the cavity of this sucker is almost filled 
by a plug of modified gill tissue, which is held in a pincer-like grip by the rim 
(Fig. 3B, p.g.t.). It is evident that the trematode maintains a continuous hold 
on the host by means of these suckers. 





Fig. 3. H. extensicauda. A, longitudinal section of posterior end to show insertion of 
muscles in large sucker. B, longitudinal section of small, most posterior sucker. 


Two sets of muscles are concerned in the action of the suckers. These are 
inserted in the base and in the rim respectively of each sucker. The muscles 
which are inserted in the base of a sucker and which by their contraction 
bring about an increase in the concavity of the cup, with consequent adherence 
to the host, are continuous with the deep longitudinal muscle layer. The re- 
leasing muscles which are inserted in the rim of each sucker are continuous with 
the superficial layer. Within the same muscle layer, therefore, are muscles 
which work antagonistically (Fig. 3 A, s.l.m., d.l.m.). 

The points of insertion of the suctorial muscles lie immediately beneath the 
skeletal pieces, which at the same time serve as supports for the suckers and 
as attachments for the muscles. The middle skeletal piece is much larger than 
either median or lateral pieces because the muscles which increase the con- 
cavity of a sucker are both larger and more powerful in their action than the 
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releasing muscles. The arrangement of three separate skeletal pieces to each 
sucker provides a degree of flexibility which would not otherwise exist, and 
thus furthers suctorial action. Suctorial action is enhanced by the action of 
muscles which cross the parenchyma dorso-ventrally and which are set into 
the basal part of each sucker (Fig. 3A, v.m.). These are mostly fine bundles 
of fibrils which, except near their insertions, are not much thicker than ordinary 


vertical muscles. 
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Fig. 4. H. extensicauda. A, longitudinal section of anterior end of body. B, sagittal 
section through anterior and middle divisions of body. C, egg capsule seen in utero. 


Internal organs 


The minute mouth is situated in the depths of the papillary tube and leads 
directly into an ovoid pharynx 0-10mm. long and 0-07 mm. wide (Fig. 4 A, p.h.). 
Syncytial parenchyma containing a few nuclei fills the space between the 
integument of the tongue-like process and the membranous lining of the 
pharynx. The pharynx lacks intrinsic musculature but prominent tracts of 
muscles are inserted in its basal part and have their origin in the deep com- 
ponent of the longitudinal muscle layer. Presumably, they are the retractor 
muscles of the pharynx (Fig. 4A, m.p.). Muscles which are continuous with 
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the superficial longitudinal muscle layer loop round the retracted pharynx 
and link it with the anterior papilla of the body. These muscles are the pro- 
tractors of the pharynx (Fig. 4A, in front of m.p.). 

A short and narrow oesophagus follows the pharynx. It lacks the thickened 
lining seen in the pharynx and its wall is composed of a thin cytoplasmic 
membrane. A number of granular cells lie in the surrounding parenchyma 
but apart from such cells there is no sign of glands, which are lacking also in 
other species of Hexacotyle. A few small caeca branch off from the oesophagus 
and two of them loop round the genital atrium as fine channels only about 
0-04 mm. wide. Posterior to the atrium the caeca are larger and here they 
show profuse branching. Throughout the median field in the middle division 
of the body fine channels which connect the paired main caeca extend through 
the parenchyma supporting the folds of the gonads. Equally fine channels 
which arise from the main caeca laterally pass through minute gaps in the 
longitudinal muscle layer and end outside it as rounded swellings. In the 
median field of the posterior division of the body the caeca are larger and 
the lateral terminations are enormous (0-15-0-20 mm. wide). Just in front of 
the suckers lateral caeca pass through gaps in the longitudinal muscles without 
diminution of their girth, but in the terminal part of the body the caecal 
endings are again of small size. 

The walls of the caeca consist of an exceedingly thin cytoplasmic mem- 
brane against which a few flattened nuclei lie. Numerous large cells of irregular 
shape which are filled with dark brown or black granules are associated with 
the walls of the caeca in almost every part of the body. Such pigment cells 
are relatively few in number in the vicinity of the oesophagus and in the 
muscle layers of the body. They are more abundant but still sparse in the walls 
of the large posterior caeca and even more abundant near the gonads. By 
far the greatest numbers of such cells are to be found, however, just outside 
the caeca which ramify throughout the parenchyma that binds together the 
numerous follicles of the vitellaria. Whether or not these pigment cells are 
functionally associated with the vitellaria is not known but the histological 
association is conspicuous. 

Much difficulty was experienced in attempts to determine the nature and 
origin of the gut contents. The caeca are filled everywhere with detritus 
containing what in some caeca resemble faintly stained nuclei, but more usually 
take the form of clusters of microscopic granules. In spite of a superficial 
resemblance these bodies bear to blood cells, the writer was forced to conclude 
that they are derived from some other source, presumably mucus extruded 
from the surface of the gills. 

The trematode is almost certainly more or less permanently fixed and it 
feeds on mucus extruded on to the gill surface. The adhesive apparatus of 
the parasite is invariably attached to the free, respiratory edge of the gill 
(Fig. 6, r.a.) and the body of the parasite reaches over the upper, non-respira- 
tory part and down the opposite side (Fig. 5). The mouth may lie adjacent 
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to the gill lamella or to the upper part of the gill and presumably contraction 
or expansion of the body alone explains such differences. In the latter position 
the parasite is faced with a stratified epithelium containing abundant goblet 
cells arranged in an unbroken sequence. Changes in the nature of this epithe- 
lium as a result of continual removal of mucus are described below. In what- 
ever position the parasite happens to be attached it has access to abundant 
mucus, and upon this it would seem to feed. 





Fig. 5. H. extensicauda. Longitudinal section to show mode of attachment to the host 
and general arrangement of the internal organs. 


The gonads and vitellaria, together with their ducts, are mostly confined 
to the middle division of the body (Fig. 5, ov., t., vit.). The testes are situated 
posterior to the ovary and extend into the “waist” separating middle and 
posterior divisions of the body. The ootype extends in an arc from the dorsal 
to the ventral side of the body as an exceedingly fine duct (Fig. 5, 0.) which 
is somewhat dilated in its central part. Numerous minute spherical cells each 
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with a single rounded vacuole containing clear and unstained material form 
the so-called ‘shell glands” (Mehlis’ gland). Parenchymatous fibrils radiate 
from the wall of the ootype in between these cells and extend into the paren- 
chyma. They would seem to be the agents by which movements of the ootype 
are brought about during the period when egg capsules are being formed. The 
ovary is a U-shaped organ of which the limbs are folded transversely as many 
as twelve times. The posterior folds of the left side are crowded with small, 
immature ova, while the more anterior folds contain progressively larger ova. 
This gradual enlargement of eggs in the folds of the organ occurs progressively 
but in the reverse direction of the right side of the body, so that the largest 
ova (which are mature in the writer’s specimens) occur in the most posterior 
folds of the right side. Here, the ova are completely separated from their 
fellows. Each ovum when mature is about 0-04 mm. in diameter and has a 
faintly stained nucleus with a very deeply stained karyosome. The cytoplasm 
stains intensely with basic dyes. 

The form of the testes is similar to that of the ovaries, but the folding is 
more complex. The form and arrangement of the male ducts and accessory 
male organs are very similar to those described by Goto for other species of 
the genus. Loose syncytial parenchyma occupies the space between the ovary 
and the genital atrium, and through this the ducts of the reproductive system 
pursue their sinuous courses. The vaginal canals occupy a central position, 
with a single vas deferens and the uterus towards the ventral side. Well- 
developed prostate glands, formed of abundant intensely granular cells 
arranged in nests, surround the vas deferens and the vaginal canals (Fig. 4B, 
pr.). These, like other reproductive viscera, are not significantly different 
from those described for other species, although the relative position in the 
body is slightly different, presumably as a result of attenuation of the body. 
The genital atrium is situated immediately in front of the vagina (Fig. 4B, 
g.4., v.), Which is formed into two large communicating chambers lying side 
by side. The sizes of these two organs are almost identical. The genital atrium 
is about 0-6 mm. long, 0-3 mm. wide and 0-4 mm. deep, while the vagina 
measures 0-6, 0°35 and 0-35 mm. in length, width and depth respectively. 
The lumen of the vagina is about 0-1 mm. across and the wall of the organ is 
about 0-1 mm. thick. The vagina has a thick cuticular lining with tubercles 
which are conspicuous even in whole mounts (Fig. 1A, c.l.v.). The morpho- 
logical equivalent of the penis, which is composed exclusively of fibrillae and 
lacks nuclei, is large and well developed, conical in shape with a rounded tip 
and is 0-35 mm. long and 0-20 mm. wide (Fig. 4B, p.). 

Large and well-developed follicles of the vitellaria extend throughout the 
middle division of the body (Fig. 5, vit.). In the sagittal plane they are re- 
stricted to the dorsal region of the body but in the lateral fields they are 
equally abundant dorsally and ventrally. In most instances, each follicle is 
composed of a cluster of small rounded cells which lack granules but show a 
deeply-stained cytoplasm. Each such nest of cells contains in addition one 
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or two greatly enlarged cells with similar nuclei (having a lightly stained body 
and a heavily stained karyosome) and with faintly stained cytoplasm which 
is crowded with coarse, hyaline droplets of secretion. The amount of secretion 
in such cells obviously determines the degree of enlargement of the cells, which 
are the so-called “yolk-cells” near the height of their secretory cycle. The 
droplets are what Goto referred to as “yolk granules”. 

The fully formed egg capsules are ovoid and measure 0-25 x 0-15 mm. 
Each capsule has two polar filaments, which are about 0-25 mm. long and 
which are hollow in their basal parts. 

The excretory pores are situated in front of the genital atrium and the 
two main excretory vessels are only slightly dilated near the pores. The brain 
lies in the dorsal part of the body in the oesophageal region. 


Hexacotyle extensicauda n.sp. 
Diagnosis 


Monogenetic trematode of medium size (11 mm. long) with flattened body 
divided into anterior, middle and posterior divisions of unequal proportions. 
Four pairs of posterior suckers set one behind the other along the posterior 
margin of the body differ in relative size from those of other species (0-067 and 
0-030 total body length for large and small suckers respectively). Two pairs 
of hooks occur and are much smaller than those of other species (0-075 and 
0-015 mm. respectively). They lie in the median field behind the hindmost 
suckers. The anterior sucker is extremely small (0-1 mm. wide). 

The mouth is an extremely small opening (0-01 mm. wide) situated at the tip 
of a tongue-like process which is set in the basal part of the tubular anterior 
papilla of the body. The pharynx is small (0-10 x 0-07 mm.) and lacks intrinsic 
muscles but possesses extrinsic retractors and protractors. The intestine is 
much branched and caecal terminations pass outwards to the margin of the 
body through minute gaps in the longitudinal muscles, except in the posterior 
division of the body. 

Circular muscles are lacking, or at most represented by a single layer of 
fibres. Oblique muscles are fairly well developed but the longitudinal muscles 
are very well developed and divided into superficial and deep components of 
varying thickness in different regions of the body. These longitudinal muscles 
are much thickened near and at their insertions in the suckers and connect 
with the skeletal pieces. Deep muscles serve a suctorial purpose, while super- 
ficial ones serve to release the suckers. 

The gonads and their ducts are not dissimilar to those of other species but 
the relative position in the body is somewhat different because of the different 
bodily proportions. Ovary and testes alike are U-shaped with much folded 
limbs. The ovary lies in front of the testes. Vitellaria are well developed, lateral 
and dorsal to the gonads and comprise clusters of cells of which one or two 
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are very much enlarged by the accumulation of coarse droplets of secretory 
material. The vagina is bilobed and lined with cuticle which is formed into 
large tubercles. The penis is composed of fibrillae and is large and conical in 
shape. The genital atrium is large and is situated in front of the vagina and 
the ventral genital pore is anterior to the dorsal vaginal pore. The eggs are 
ovoid, 0-25 x 0-15 mm., with long polar filaments (about 0-25 mm. long). 

Found by F. 8. Russell, Esq., F.R.S., on the gills of a tunny (Thunnus 
thynnus) in the North Sea. Type specimens are lodged in the British Museum 
(Natural History), London. 
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Fig. 6. H. extensicauda. Transverse section of gill filament to 
which the parasite was attached. 


NOTE ON SOME HISTOLOGICAL MODIFICATIONS OF THE GILL 
TISSUE OF THE HOST INDUCED BY THE PARASITE 


The gills of the tunny show considerable local modification at and near the 
region of attachment of Hezacotyle extensicauda. Most conspicuous modifica- 
tion occurs in the free basal part of the gill, to which the parasite is affixed. 
Here, the gill tissue is completely obliterated and in its place is a plate of 
fibrous tissue containing only a few cells. That the parasite remains more or 
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less permanently attached to one region of the gill is shown by the fact that 
only this thin layer of tissue intervenes between the cartilaginous gill ray and 
the parasite. A deep histological excavation exists (Fig. 5, r.a.) and at the base 
of this the parasite is attached, virtually to the gill ray itself (Fig. 6, r.a.). 
A plug of modified gill tissue almost fills each of the very concave most 
posterior suckers (Fig. 3B, p.g.t.), which are thus shown to be the principal 
holdfasts of the parasite. The larger suckers permit of slight shift of position 
such as is consistent with feeding on mucus extruded from the gill surface. 

The remainder of each gill filament, in the region of attachment of the 
parasite, shows modification which imparts an asymmetry to the gill locally. 
Just above the region of attachment (opposite to the anterior half of the 
posterior division of the body) of the trematode, the gill is much swollen by 
hypertrophy of the connective tissue which occurs immediately lateral to the 
cartilaginous gill ray. Within the swelling numerous blood capillaries are 
evident. Some further swelling is attributable to modification of gill tissue 
itself. Only in the uppermost parts of the gill filaments are normal histo- 
logical elements seen (Fig. 6). The filaments on the side of the gill opposite to 
that on which the parasite is affixed show a normal structure and arrangement, 
but chloride-secreting cells seem to be more than usually abundant. 

Some sign of actual erosion of tissue is evident in the upper part of the gill 
on the side where the anterior end of the parasite reaches down towards the 
gill filaments. The thickness of the stratified epithelium here (i.e. adjacent to 
the mouth in some instances) is less than half that seen on the opposite side 
(Fig. 6) and this is not due to obliquity of section or other artifact. The goblet 
cells which form an unbroken sequence at the surface of the gill in this region 
lie almost immediately outside the deeper layers of connective tissue which 
surround the blood vessels. The reason for this reduction in thickness of the 
epithelium is clear. The parasite feeds continually on mucus extruded on one 
side only of the gill. The excessive demands made by the parasite for mucus 
would seem to effect a continual modification of epithelial cells into goblet 
cells, thus bringing progressively deeper cells into a superficial position as 
outworn goblet cells are sloughed. It is conceivable that eventually the epi- 
thelium would suffer perforation, leaving the parasite with the choice of 
feeding on the subcutaneous tissues and on blood or of seeking a fresh locality 
for mucus-feeding on the gill surface. Scrutiny of gill tissue available does not 
indicate whether or not this state of affairs actually arises. The effects of 
parasitism on the fish are unimportant, but there seems to be reason to suppose 
that ulceration of the gill may result from long attachment of the parasite. 
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ABBREVIATIONS 


a.b. afferent branchial vessel ov ovary 

a.d.b. anterior division of body p- homologue of penis 

a.p. anterior papilla p.c. pigment cells 

4.8. anterior sucker p.d.b. posterior division of body 

c. capillaries p.g.p. position of genital pore 

c.l.v. cuticular lining of vagina p.g.t. plug of modified gill tissue 

d.l.m. deep longitudinal muscle fibrils ph. pharynx 

d.s. ductus seminis pr. prostate gland 

e.b. efferent branchial vessel pt. papillary tube 

e.c.ut. egg capsule in uterus p.v.p. position of vaginal pore 

q.a. genital atrium ra. region of attachment of trematode to gill 
g-p- genital pore r.s. receptaculum seminis 

g.r. gill ray s.l.m. superficial longitudinal muscle fibrils 
h. hooks s.p. skeletal piece 

h.t., h.c.t. hypertrophied connective tissue t. testis 

i.c. intestinal caecum t.p. tongue-like process bearing mouth 
Lip. cuticular lip papilla ut. uterus 

Ls. large posterior sucker v. vagina 

m.d.b. middle division of body v.d. vas deferens 

m.g.t. modified gill tissue v.m. vertical muscle fibrils 

m.p. retractor muscles of pharynx v.p. vaginal pore 

m.8.p. middle skeletal piece viu vitellaria 

n.g. normal gills w. “waist”? between middle and_ posterior 
n.g.t. normal gill tissue divisions of body 

0. ootype 1-4 1st to 4th posterior suckers 

oe. oesophagus 


(MS. received for publication 2. 11. 1939.—Kd.) 
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NOTES ON THE FORMATION OF THE EGG CAPSULES 
IN THE MONOGENETIC TREMATODE, HEX ACOTYLE 
EXTENSICAUDA DAWES, 1940 


By BEN DAWES, D.Sc. 
Department of Zoology, King’s College, University of London 


(With 3 Figures in the Text) 


Tue following observations were made upon serial sections of a new mono- 
genetic trematode, Hexacotyle extensicauda, which the writer has described in 
a previous paper (Dawes, 1940). 

Older text-books refer to the formation of the egg capsule by the so-called 
shell glands (Mehlis’s gland), which were at one time believed to be the source 
of the shell material. Helminthologists are now aware that this material 
originates in the secretion droplets of the “yolk cells” which develop in the 
vitellaria. 

The egg of H. extensicauda consists of an ovoid capsule, which is about 
0-25 mm. long and 0-15 mm. wide, and two stiff, tapering, polar filaments 
about 0-25 mm. long. The basal parts of the filaments are hollow, which shows 
that these structures are formed by the drawing out of the capsule during the 
time when its materials are still fluid. Within the capsule there are eighteen 
or more ovoid “yolk cells” about 0-025 mm. long and a spherical ovum 
0-04 mm. in diameter. 

’ The vitellaria of this trematode are situated mostly in the middle division 
of the tripartite body, where they are abundant dorsally but sparser laterally 
and ventro-laterally. The follicles of the vitellaria are composed of “nests” 
of cells, mostly small and rounded, with very deeply staining cytoplasm and 
a faintly stained ovoid nucleus containing a dense karyosome. The cells in 
stained preparations! thus stand out boldly from the feebly staining syncytial 
parenchyma. 

Each “nest” of such cells contains in addition one, sometimes two or three, 
much larger cells of much paler colour, and cells of intermediate size. The size 
of these cells is correlated with the extent to which secretion droplets have 
been developed. The smallest cells have dense cytoplasm of reticular nature 
with small and ill-defined secretion droplets in its meshes. The largest cells 
are crowded with droplets of a very coarse nature (Fig. 1A, a-e). 

From the condition of the ovaries and vitellaria it can be judged that the 
trematodes were fixed at or near the commencement of a period of egg- 
production. In every instance, the main vitelline ducts are crowded with “ yolk 
cells” at the height of their secretory cycle. Some increase in size of the 
secretion droplets is evident, for in this situation the cells are so crowded with 


1 Sections were stained in Ehrlich’s haematoxylin and counterstained in eosin. 
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large granules that the cell membranes bulge at many points (Fig. 1B). 
Similar cells occur in smaller numbers in the ductules of the vitellaria, even in 
situations remote from the main ducts. Evidently, such cells have been split 
off from the “nests” in all parts of the vitellaria and are in transit to the ootype. 











Fig. 2. A, B, adjacent (oblique) sections of an egg capsule forming in the ootype. C, longitudina 
section of an egg capsule in the more advanced condition seen in the uterus. e.c. egg capsule; 
0. ootype; ov. ovum; p. parenchyma; s. mass of secretion of “yolk cells’’ within rudimentary 
capsule; s.g. “shell glands”’; y.c. “yolk cells”’. 


Some of their secretion has been extruded by the time they reach the ootype, 
where droplets of free secretion can be seen; but for the most part the secretion 
is retained by the cells. 

Fortunately, sections were available of eggs contained in the uterus and 
in the ootype. The well-developed capsules in the uterus contain “yolk cells” 


19-2 
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of greatly altered appearance. They are of reduced size and their spongy 
cytoplasm contains only occasional droplets of secretion. It is evident that 
the bulk of their secretion has been discharged and further considerations 
show that it has been built up into the shell, which in this situation is quite 
thick (Fig. 2 C). 

While contained in the ootype, the egg has a very thin and rudimentary 
capsule (Fig. 2 A, B). In this situation, the “yolk cells” still contain some 
droplets of secretion and these take up stains in a way in which droplets in 
other situations do not and are coloured in the same manner as is the fully 
formed capsule. But much secretion is extruded from the cells here. In one 
remarkable instance, a mass of extruded secretion quite as large as an entire 
cell and also a smaller but still bulky mass lie within the rudimentary capsule 
(Fig. 2 A, B). It would seem, therefore, that the thin capsule is formed from 
the free secretion which occurs within the ootype and that it is afterwards 
reinforced by the deposition of materials on its inner surface. Presumably, 
the deposition occurs whilst the rudimentary capsule is passing through the 
ootype on its way to the uterus. 

Sections of the shell glands were examined carefully and definite evidence 
of secretion was found. The lining of the ootype, unlike that of most of the 
ducts of the body in this trematode, contains nuclei arranged in a regular 
sequence. Fine openings of the unicellular “shell glands” occur between the 
nuclei. Each gland is club-shaped; its basal region consists of very darkly 
stained cytoplasm, above which there is a pale nucleus, and above this again 
is a mass of clear, unstained secretion which extends along an intracellular 
duct to the opening in the wall of the ootype. In the contracted condition of 
the ootype, the nuclei of its lining form prominent bulges and between these 
minute crypts are formed. They are filled with this clear secretion, which 
spreads out slightly towards the lumen of the ootype so as to form a con- 
tinuous layer. There is no clear indication of the addition of this material to 
the outside of the egg capsule, because no stratification is evident in this 
structure, but it is conceivable that an exceedingly thin layer is deposited on 
the outside of the rudimentary capsule and, indeed, may form the basis on 
which this is built up. 

The oviduct is a long and narrow tube along which only a single stream of 
ova may pass. At the point where the oviduct is continuous with the ovary, 
however, there is a chamber (or a dilated region of the oviduct) which is 
marked off by two sphincters of parenchymatous fibrils (Fig. 3). Examination 
of sections of different worms shows that the degree of dilation of the walls 
of this chamber and the state of the sphincters may vary. Within the chamber 
a number of ova (four to five) are seen, and in one instance an ovum has 
clearly recently entered the chamber and is still slightly compressed, while 
another is caught in the act of passing through the second sphincter into the 
oviduct, where two other ova occur. The chamber is evidently concerned with 
the extraction of ova from the ovary and with their transfer into the main 
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part of the oviduct. It must be mentioned that the chamber is situated at a 
distance from the opening of the receptaculum seminis, so that it is not to 


b] 


be regarded as a “fertilization chamber’”’. 

















Fig. 3. Longitudinal section “‘suction chamber” (s.c.) at junction of ovary and oviduct. Other 
abbreviations: d.s. distal sphincter; 0. ovum; ov. ovary; ovd. oviduct; p.s. proximal sphincter. 


DIscussION 


Several zoologists have observed that the material of which the egg cap- 
sules of trematodes is formed originates as granules or droplets of secretion in 
the so-called “yolk cells”. Stiles (1894) showed that the shell of Fasciola 
hepatica has such an origin. Henneguy (1906) circumspectly stated that the 
yellow granules of the yolk cells play the chief part in providing materials for 
the formation of a capsule, while Goldschmidt (1909) affirmed that in Dicro- 
coelium the shell substance is not secreted by the shell glands but is brought 
by yolk cells from the vitellaria. Other zoologists have added to these state- 
ments and, to quote the most recent work available, Kouri & Nauss (1938), 
support Goldschmidt’s view unconditionally. 
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Observations bearing on the abortive efforts of immature trematodes to 
form egg capsules have supported such claims as these. Taylor (1934) observed 
disintegrating yolk cells, small droplets of shell-forming substance, and a 
malformed shell in the uteri of immature specimens of Fasciola hepatica. Such 
malformations have been attributed to some pathological condition of the 
reproductive organs (MacHattie & Chadwick, 1932), but Taylor regards their 
production as a normal process during early stages in the formation of the 
egg capsules. 

Observation of the mode of formation of the egg capsules in living trema- 
todes seems to be a matter of considerable difficulty. Johnston (1912) was 
able to observe the passage of ova and yolk cells into the ootype, and he 
witnessed the contractions of this chamber which serve to mould the egg 
capsule to its final form. But he was quite unable to discern how the capsule 
came into being. “The forming shell”, he said, “is, at first, so transparent as 
apparently to be invisible.” Idris Jones (1933) was able to follow the sequence 
of events leading up to encapsulation of the egg, but he did not state from 
what source the materials of the shell are obtained. He states only that 
“globules of secretion could be observed to form round the ovum and yolk 
cells” and that “these globules became less distinct and a shell gradually 
appeared which was thick in 1} hours, and at the end of 2 hours the egg started 
to leave the shell gland (sic) and passed up into the broad much coiled uterus 
...”. It seems that histological examination of fixed material yields informa- 
tion which does not come to light in a study of the living animal. The process 
in the trematode Hexacotyle extensicauda, and probably in all other trematodes, 
involves the liberation into the ootype of secretion droplets which are formed 
in the yolk cells and transported by them to this chamber. The extrusion of 
a certain small amount of secretion permits of the formation in the ootype of 
a thin, rudimentary capsule, possibly on a basis provided by the shell glands 
(vide infra), and this is reinforced by subsequent deposition of similar materials 
on its inner surface. In operculate eggs, the capsule is formed in parts, first 
the peripheral wall, then the posterior end, and finally the operculum (Ujiie, 
19364). 

Discovery of the real source of the shell material has led to difficulty in 
attributing a function to the shell glands, the secretion of which has been 
variously regarded as a nutrient fluid, as an agent by which the shell is hardened, 
and as a lubricant. Tyzzer (1918) observed that in Collyriclum faba the droplets 
of secretion which form the egg capsule are extruded suddenly when the yolk 
cells reach that part of the ootype into which the secretion of the shell glands 
is shed. Observing that the shell glands contain peculiar granules, he suggested 
that they produce a secretion of a special nature and not merely an inert fluid 
which bathes the ova and yolk cells. 

The opinion of Tyzzer has not been generally accepted. Kouri & Nauss 
(1938) could not find evidence to support it, and they regard the secretion of 
the shell glands of Fasciola hepatica as a lubricant which smooths the passage 
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of the genital products through the ootype. On the other hand, Ujiie (1936a, b) 
favours the opinion of Tyzzer. In a paper which deals with Echinochasmus 
japonicus Ujiie (19364) states that the shell gland consists of two types of cell, 
which differ in their staining reactions: (a) larger cells, the cytoplasm of which 
favours haematoxylin rather than eosin (“cyanophile” cells) and (b) smaller 
cells, which take up eosin (“erythrophile” cells). In a later paper (19365) 
the same writer, working with Clonorchis sinensis, shows in his Plate V two 
such types of cell in which the size relations are reversed. The present writer 
is unable to substantiate Ujiie’s findings and in Hezacotyle, at any rate, the 
shell glands consist of one type of cell only. It would seem to be inadvisable 
to use differential staining reactions as criteria for the separation of such similar 
elements as those with which Ujiie deals. Gray (1931) has emphasized the 
dangers that arise from the use of differential stains (pp. 41-2), and Ujiie’s 
suggestion that the “cyanophile” glands are responsible for expulsion, softening 
and fusion of the secretion droplets of the yolk cells, and that the “erythro- 
phile” glands bring about the hardening of extruded secretion is robbed of 
the only support which its author claims for it. 

The writer has examined sections of developing egg capsules in the ootype 
under high magnification, but little or no light can be thrown upon this 
problematic function of the shell glands. The egg capsule of H. extensicauda 
is not evidently stratified, but this statement does not preclude the possi- 
bility of heterogeneity. The writer’s opinion is that the secretion of the shell 
glands forms a thin film which serves as a basis upon which the secretion of 
the “yolk cells” is deposited to form the thin rudimentary capsule seen in 
sections. It may be that this film alters the permeability of the capsule. This 
conception of the nature of the egg capsule and the function of the shell 
glands is supported by the experiments of Yumoto (1936), who recognized an 
outer stratum in the egg capsule of Clonorchis sinensis. This layer, which is 
responsible for the surface markings on the capsule, can be removed by treat- 
ment for 48 hr. with 1 % NaOH, after which the surface markings disappear 
and the operculum separates from the rest of the capsule. Yumoto does not 
attribute the formation of this layer to the shell glands, but very probably 
it is derived from this source. 

The secretion of the shell gland has been assigned functions which seem to 
be superfluous. Thus, it would seem to be unnecessary to postulate the 
existence of some agency by which the extrusion of secretion droplets from 
the yolk cells is effected, because the yolk cells on reaching the ootype are on 
the point of liberating their secretion droplets spontaneously. Subsequent 
fusion of such viscid droplets within the narrow confines of the ootype would 
seem to be brought about without the intervention of an agent of a special 
nature. The hardening of the egg capsules seems in many trematodes to be a 
slow process. The capsules harden and become less permeable the farther they 
have travelled along the uterus. This is evident by the yellow or brown colour 
of the capsules which develops in parts of the uterus remote from the ootype, 
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and by the brittleness and shrinkage of the capsules in such a situation. 
Lubrication of the lumen of the ootype is no doubt of greater importance in 
monogenetic than in digenetic trematodes, despite the fewer eggs usually 
produced by the former. The eggs have to traverse a long and narrow duct, 
and they are less rounded than the eggs of digenetic trematodes. Yet, shell 
glands are abundant in the latter. Trematodes like Zoogonus and Sanguinicola 
lack shell glands, but the secretory materials of which their egg capsules are 
formed is extruded from yolk cells and fused readily. It may be that the 
delicate egg capsules of such trematodes as these lack the thin external layer 
which, it is suggested, is formed from the secretion of the shell glands in other 
trematodes. 

One further point calls for brief discussion. Ujiie (1936) has described for 
Clonorchis a groove or tube by way of which ripe ova are transferred from the 
cavity of the ovary into the oviduct. A comparable structure occurs in Heza- 
cotyle extensicauda at the junction of ovary and oviduct in the form of a 
“suction chamber”, and is really a dilated region of the oviduct which is 
separated off from the remainder of this tube by two sphincters composed of 
parenchymatous fibrils. The size of the chamber can be increased or decreased 
and the sphincters relaxed or contracted. Ova are sucked into the chamber 
from the lumen of the ovary and passed into the oviduct, the writer infers, in 
the following way. The sphincter on the side remote from the ovary is closed 
while that on the same side as the ovary relaxes. At the same time, the cavity 
of the chamber is enlarged and an ovum is thus drawn into the chamber. The 
sphincter is then closed and the one on the opposite side of the chamber is 
relaxed, and at the same time the cavity of the chamber is reduced in size. 
An ovum is thereby forced into the oviduct. It may be that contractions of 
the wall of the ovary such as were witnessed by Idris Jones (1933) assist this 
mechanism, which ensures that ova enter the oviduct in a single, well-spaced 
stream. 
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STUDIES ON POPULATIONS OF HEAD-LICE (PEDI- 
CULUS HUMANUS CAPITIS: ANOPLURA) 


Ill. MATERIAL FROM SOUTH INDIA 


By P. A. BUXTON 
Professor of Medical Entomology, University of London 


From the London School of Hygiene and Tropical Medicine 


A METHOD has been described by which one may dissolve a quantity of hair 
or feathers, and recover from it any lice, ete., which it may contain. Large 
numbers of complete crops of human hair, each from a separate individual, 
have been collected in several parts of the world and investigated by this 
method: the infestation with head-lice has been studied in relation to season, 
the host’s age, sex, etc. (Buxton, 1936, 1938). 

The material which is dealt with in the present paper consists of 1437 
specimens, each of them the complete crop of hair, removed with a razor 
from an adult male prisoner on admission to jail at Cannanore, on the Malabar 
coast, South India (12° N., at sea-level). The prisoners were shaved within 
a few days of admission to the jail, though some had already been in prison 
elsewhere, awaiting sentence. For this large and interesting collection of 
material I am indebted to my friend Major P. V. Karamchandani, I.M.S., 
who organized the supply, and supervised the work of the barber and clerk. 
The collecting was carefully done, with attention to detail, and this materially 
increased the value of the work. The considerable amount of work which has 
been carried out in this country has fallen on several people, particularly Mr 8. 
Smith who performed all the routine of weighing, dissolving hair and counting 
lice, and Miss V. E. Buxton and Miss F. R. Mold who have carried out the 
tabulating. 

Gross figures. As Table 1 shows, a total of 1437 crops of hair were examined, 
in which the gross infestation rate was 37-79°%. Among those infested two- 
thirds had from one to ten lice, and counts over 100 were rare, amounting to 
less than 3 °% of infested heads: the highest count was 385 lice, not at all a high 
figure, comparatively speaking. One may compare these facts with those 
coliected elsewhere (Buxton, 1938, Fig. 1 and Table XIII; alternatively 
Buxton, 1939, p. 47). It will then be seen that in the present collection the 
rate of infestation is high, but the number of lice per infested head is un- 
expectedly low. This is not really contrary to the general rule that within 
one group of people (for instance those from one area), those subgroups in which 
the rate of infestation is high are also those in which the number of lice per 
infested person tends to be highest. 
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Table 1. Showing the numbers of persons infested, and the 
infestation rates, in the gross figures 


Heads with 


Total r — ——_—— —_—— _ Infested 
heads Nil 1-10 11-100 10lliceandup _ total 
Gross no. 1437 894 356 173 14 543 
% 100 62-21 24-77 12-04 0-97 37°79 
by —_ —_ 65-56 31-86 2-58 100 


Weight of hair. If one considers comparable human beings (for instance, 
the members of one race, sex and age group), one often finds that the individual’s 
weight of hair is positively correlated with infestation. For instance, this has 
already been shown, in previous papers, for male Hausas, of several age 
groups, at Sokoto, Northern Nigeria; also for adult male prisoners at Colombo, 
Ceylon (both Sinhalese and “all prisoners”); and it has been suggested that 
the much higher rate of infestation in women than men, among those studied 
at Lagos, Nigeria, is due in part to the woman’s heavier crop of hair. On the 
other hand, no relation between hair weight and infestation was demonstrated 
in several of the collections. 

In the present material those with heavier crops of hair tend to be more 
often infested than those with lighter; for instance, the rate of infestation is 
14-6 °% in those with under 10 g. of hair, and 56-59 % in those with over 20 g. 
(Table 2). It is interesting that though some of the crops of hair exceeded 
60 g., the rate of infestation is almost uniform in all the groups above 20 g. 
It is clear that the weight of hair is a large and important factor, which must 
be allowed for in considering the relation between a man’s age, sect, etc., and 
infestation. 


Table 2. Showing incidence of lice in all heads, divided according 
to the weight of the individual crop of hair 
Hair weight (g.) 








c = epee. 

Heads Upto99  10-19-9 20-29-9 30-49-9 50andup _ Total 
Negative 386 280 111 91 19 887 
Positive 66 186 139 125 27 543 
Total 452 466 250 216 46 1430 
°% positive 14-6 39-9 55-6 57-8 58-7 37-97 


Age. In considering the relation between age and infestation one must 
remember that there are no children in the group. There were a few prisoners 
of 18 or 19 years old, but the great majority were fully adult (lower part of 
Table 3). If one tabulates all heads, except a few for whom age was not 
recorded, it seems at first as if the effect of age is considerable, the proportion 
falling as age increases or at least after 30 years. Taking all hair weights 
together (bottom 5 lines of Table 3), the differences between the 2nd and 3rd, 
and also 3rd and 4th age groups are highly significant by the test for goodness 
of fit (P< 0-01). 
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Table 3. Showing relation of prisoner's age and weight 
of hair to infestation 
No. of heads with 





Age Total ‘ Infested 

years heads Nil 1-10 Illiceandup total % 
Hair weight up to 9-9 g. 

21-30 150 130 17 3 20 13-3 

31-40 114 100 12 2 14 12:3 

4l-up 180 150 26 4 30 16-7 
Hair weight 10-0-19-9 g. 

21-30 219 127 62 30 92 42-0 

31-40 140 85 43 12 55 39-3 

4l-up 95 60 30 5 35 36-7 

Hair weight 20-0 g. and upwards 

21-30 319 128 102 89 191 59-8 

31-40 112 51 36 25 61 54-5 

4l-up 57 30 20 7 27 47-3 
All hair weights together 

To 20 42 24 7 11 18 42-86 

21-30 687 386 181 120 301 43-81 

31-40 365 234 92 39 131 35-89 

41 and up 334 242 76 16 92 27-54 

All ages 1428 886 356 186 542 37-96 


In view of the importance of weight of hair the data have been classified 
further, to take account both of age and hair weight (top part of Table 3). 
It now becomes evident that age in itself has little or no effect on rate of 
infestation, indeed one might say that the older men are less frequently 
infested because they carry smaller crops of hair. The matter may be summarized 
thus, to show the percentage infested, in relation to age and weight of hair: 


41 years, 
Hair weight 21-30 years 31-40 years and up 
Up to 9-9 g. 13-3 12-3 16-7 
10-19-9 g. 42-0 39-3 36-7 
20 g. and up 59-8 54:5 47:3 


Social factors. In India a man’s religion-and caste is probably the best 
index we can get of his work, habits and social state: so that it is particularly 
interesting to study the infestation in the different religious groups. Many 
of the original records give the caste or subcaste, where the man is a Hindu, 
and corresponding distinctions for Moslems and Christians. But there are 
so many of these divisions (with correspondingly few individuals in most of 
them), and the subject is so complex and my ignorance of it so deep, that it 
seems best to distinguish only the three main groups, Hindu, Moslem and 
Christian. It would be of great interest, and of value to the public health 
services of the country, if a more extended enquiry could be carried out in 
India, by someone able to consider the religious, social and anthropological 
issues that would arise. 
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If the people are grouped under the three main religious heads, and by hair 
weight, one obtains the results given in Table 4. One may express them 
briefly, as percentages infested, as follows: 


Hair up to 20 g. and All hair 

9-9 g. 10-19-9 g. over weights 
Hindu 20-51 42-98 56-76 42-96 
Moslem 4-00 22-54 61-76 16°86 
Christian 12-00 42-31 45-00 32-39 


These figures show clearly that, on the whole, weight of hair is more im- 
portant than those social factors of which religion is an index. But the social 
factors have their own importance, for within one hair weight the degree of 
infestation is quite different in the different religious groups. The social factors 
are probably very complex, and one cannot say that the members of one 
religious group are consistently more infested than the others, irrespective 
of hair weight. One suspects that each religious group is heterogeneous, and 
that this is particularly true of the Hindus. 


Table 4. Showing relation of prisoner’s religious denomination, 
and weight of hair, to infestation 


No. of heads with 








Total -— — —_— —, Infested 
Religion heads Nil 1-10 Illliceandup _ total % 
Hair weight up to 9-9 g. 
Hindu 273 217 47 9 56 20-51 
Moslem 150 144 6 0 6 4-00 
Christian 25 22 3 0 3 12-00 
Hair weight 10-19-9 g. 
Hindu 356 203 112 41 153 42-98 
Moslem 71 55 14 2 16 22-54 
Christian 26 15 7 4 ii 42-31 
Hair weight 20 g. and up 
Hindu 444 192 145 107 252 56-76 
Mosiem 34 13 9 12 21 61-76 
Christian 20 ll 3 6 9 45-00 
All hair weights 
Hindu 1073 612 304 157 461 42-96 
Moslem 255 212 29 14 43 16-86 
Christian 71 48 13 10 23 32-39 


The figures given in Table 4 provide an excellent example of the fact that 
within one broad group, those subgroups with a high percentage of people 
infested are also those in which the higher counts of lice tend to occur. If we 
take the Hindus (because they are numerically the largest), and divide them 
into subgroups by weight of hair we obtain the “observed” figures given 
in Table 5. If the hair weight had had no effect on the number of men having 
nil lice, 1-10 lice, etc. (the totals in each column and line remaining constant), 
we should have obtained the “‘expected” distribution given in the same table. 
The differences between the two are very great. The men in the least infested 
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Table 5. Showing actual or “ observed”’ distribution of lice in Hindu prisoners, 
who are divided into subgroups according to weight of hair ; also the ‘‘ expected” 
distribution, i.e. what would be found if weight of hair had no influence on 


infestation 
No. of heads with 
Hair — Total % 
g. Nil 1-10 ~ Illiceandup heads infested 

OBSERVED 

Up to 9-9 217 47 9 273 20-51 

10-19-9 203 112 41 356 42-98 

20 and up 192 145 107 444 56-76 

All weights 612 304 157 1073 42-96 
EXPECTED 

Up to 9-9 155-7 77:3 39-9 

10-19-9 203-0 100-9 52-1 As above 

20 and up 253-2 125-8 65-0 

All weights As above 


subgroups (up to 9-9 g. of hair), include too many with nil lice and too few with 
over eleven lice: conversely for those with heavy crops (20 g. and over), and 
a high infestation rate. The difference between the observed and expected 
figures is clearly very great; judged by the test for goodness of fit, it is highly 
significant, for the odds against it being due to “chance” are much more than 
a thousand to one (NW =4; x?= 108). 

Season. Crops of hair were collected for 24 consecutive months, starting 
in May 1937: the average number was 60 per month, the extremes 12 and 100. 
It seems to follow that even if there is a seasonal factor in rate of infestation, 
it might be a difficult matter to demonstrate it. 

I have taken the original gross figures, added the two Januaries, two 
Februaries, etc., and obtained the following values: 


Month ... Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 
Heads 97 163 126 2112 90 2110 122 144 #119 #155 «82 117 —= = 1437 


% positive 45 40 35 32 31 32 40 34 45 42 44 32 37-79 


At first sight these figures appear to indicate a steady fall in infestation for 
the first 6 months of the year, followed by a rather irregular rise. But if one 
takes the monthly figures, and compares them with “expected” figures, in 
which the rate of infestation is uniform throughout the year, one does not 
obtain evidence of a high degree of heterogeneity (y?= 15-3, N=11, P nearly 
0-2). Rather similarly the value of x? for the 24 separate months is 33-85, 
giving a value of P between 0-05 and 0-02, significant by conventional standards, 
but not perhaps very large in view of the obviously heterogeneous nature of 
the material. This does not indeed exclude the possibility of a periodic change 
in the rate of infestation, but it shows that if such a change exists it is within 
rather narrow limits. 

As hair weight has been shown to be an important factor, one might expect 
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to show a seasonal periodicity within one hair weight group, if the periodicity 
is real. The following figures are given by the men with 10-19-9 g. of hair: 


Month ... Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 
Heads 38 68 46 37 21 32 36 34 41 46 31 36 466 
% positive 53 46 35 40 43 25 39 29 39 50 55 19 39-9 


Comparing these figures with the gross figures given above one finds little 
similarity: in this second collection of figures there is little tendency for the 
rate of infestation to fall steadily during January to June, and a high degree 
of inconsistency from month to month (compare November, December and 
January). 

One might view the matter in another way. If a seasonal factor exists it 
seems probable that it would depend on rainfall, for the Malabar coast receives 
very heavy rain which is confined to 6 consecutive months (May to October), 
the others being rainless. Can we demonstrate any relationship between 
infestation and the rainy season? Confining attention to the men with 
10-19-9 g. of hair one gets these figures: 








Rainy months Dry months 
“ai = : A er 
Year Total heads % infested Totalheads % infested 
First 85 36-5 95 36°8 
Second 125 39-2 161 44] 
Together 210 38-0 256 41-4 


The figures show no significant differences in rate of infestation during the 
two seasons: substantially the same result is given by the group with hair 
under 10 g. Moreover, one can demonstrate no difference if one allows one 
month’s lag for the possible effect of rain or drought. 

There must doubtless be other seasonal events which might have an 
influence on infestation. Temperature is not likely to be important, for it is 
very equable; but there may well be important events in the agricultural 
year, such as harvest, and also social and religious factors, such as holidays 
and pilgrimages. 

My colleague, Dr Bradford Hill, who has given much time to examining 
these figures, agrees that there is little evidence for any regular seasonal 
fluctuation in the proportion of men infested. He suggests that there may 
be a secular change in rate of infestation, and that when collecting started 
(May 1937) the rate was falling. In support of this he points out that if one 
compares the period May—December 1937 with the same months in 1938, 
the percentage infested is consistently higher in the first year: the rates for 
these two 6-monthly periods are 42-5 and 35-2%, which are significantly 
different. It seems difficult to establish the existence of such a secular change 
in data collected for only 24 months: one would require figures for a longer 
period, and would then wish to eliminate the important factor of hair weight. 
The suggestion that there may be such secular changes is extremely interesting. 
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SUMMARY 


The author has examined 1437 crops of hair, removed from adult or 
adolescent males on admission to jail, at Cannanore, South India. There is 
a high positive correlation between weight of hair and rate of infestation with 
head-lice, men with less than 10 g. of hair being 14-6 % infested, those with 
10-19-9 g. 39-9%, and those with over 20 g. 56-59 %. 

There appears to be a negative correlation with age, but this seems to be 
due to the older men having less hair: if one standardizes hair weight there is 
no tendency for older men to be less infested than younger. In a similar way, 
the large differences in rate of infestation between different religious groups 
appear to be due to a great extent (but not entirely) to differences in hair 
weight. 

No evidence was found that rate of infestation is different at different 
times of year. The rates in the rainy and dry seasons scarcely differ, in spite 
of the intensity of the rain, and of the fact that the rainless period lasts for 
six months. It is possible that there is a long-period, secular change in rate of 
infestation. 
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Tue precise biology of the body louse under experimental conditions is a 
subject not sufficiently explored. At present we need quantitative infor- 
mation about the possible rate of increase of the insect: we must also know 
about the normal biology in studying insecticides. The present moment is 
therefore an appropriate one for publishing certain experiments which have 
occupied a part of my time for the last 4 years. 

In the present paper I have not generally referred to earlier work, which 
is adequately summarized in a recent book (Buxton, 1939). 

The original stocks of lice (Pediculus humanus) were derived from garments, 
not from the hair of the head, so that one may refer to them as body lice, not 
thereby supporting any particular dogma about anatomical differences be- 
tween head and body lice, a subject on which the writer is a professed agnostic. 
The infested garments came originally from south-east London, through the 
kindness of the Medical Officer of Health, Dr D. M. Connan. In all, three 
strains have been used at different times, but there is no reason to think that 
they behave differently, except in sex ratio, and they are considered together 
in the present paper. 


METHODS 


All the experiments were performed in the type of box used by Nuttall. 
This is a flat cardboard pill-box of good quality, 2 cm. in diameter and 8 mm. 
deep internally. In the bottom a hole 1-5 cm. across is punched, and covered 
with bolting silk stuck to the outside of the box with shellac dissolved in spirit. 
The same solution painted over the box waterproofs the cardboard and tends 
to preserve it. For most purposes we use Dufour’s no. 1 standard bolting silk, 
marketed in London by Messrs Bryan Corcoran, Ltd.: this gauge has 19 meshes 
to the linear cm. and the size of the aperture is about 0-4x0-4 mm. Unfed 
larvae in the first instar can crawl through that, and for them it is best to use 
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no. 6, which has 29 meshes per cm., and an aperture of about 0-27 mm. square. 
Inside the box one puts a piece of some woven material, on which the insects 
rest and lay eggs: tape is convenient because it does not unravel. The material 
should be black, because it is then easy to see and count eggs. 

Nuttall used to hold these boxes in place with a strap, generally round the 
wrist, and therefore spoke of the “wristlet method”. The strap is not always 
convenient, and lice held in this way are needlessly irritating because they are 
confined over one small area of skin. We find it more convenient to make use 
of the leg of a boy’s sock worn upside-down over one’s calf (Buxton, 1939, 
Fig. 27). Many boxes can then be worn on one leg, and moved from time to 
time to avoid irritation. They cannot slip down into the shoe for the ribbed 
top of the sock holds them, and they cannot move upwards if one tightens the 
cut edge of the sock with a few stitches. The only objection to keeping lice on 
the leg is that we know nothing of the range of temperature to which they are 
exposed. It is known that on the surface of the trunk (Marsh & Buxton, 1937) 
both temperature and humidity are nearly stable over a wide range of atmo- 
spheric conditions: but one cannot assume that this is also true of the leg. 

Throughout these experiments the boxes were worn throughout one’s 
waking hours, 7 days a week; they were taken off at night so that the insects 
were exposed to low and uncontrolled temperatures about 8 hr. each day. 
There is a certain advantage in doing this, for it exposes the insects to con- 
ditions which resemble those in a garment taken off at night, but it appears to 
produce considerable seasonal differences in length of life, etc., which perhaps 
explains the high degree of inconsistency observed in some of the experiments. 
It therefore seems best not to devote much attention to the statistical analysis 
of the present facts and to draw from them no more than certain broad con- 
clusions. If it becomes necessary to go more critically into some of the questions 
that are raised, the experiments must be repeated, the lice being fed con- 
tinuously, or else put in a thermostat at about 25° C. at night: it would pro- 
bably be better to maintain them on the trunk than the leg. 

The experimental boxes were examined once in each 24 hr. If, therefore, 
one observed an event (moult, death, etc.), one only knew that it had happened 
at some time in the previous 24 hr., i.e. 12 hr. before on an average. In the 
tables this half-day has not been included: it would be legitimate to add it 
but the gain in accuracy is little. 

Information about mortality of the egg and the duration of that stage was 
accumulated. It seems unnecessary to publish it as my colleague Mr Leeson 
has experiments in hand which will provide much information on both 
subjects. 

LENGTH OF LIFE OF ADULT 
Data collected about the length of life of the adult are set out in Table 1. 


While the work was in hand, I noticed “runs” of short and long lives and 
gained an impression that there might be a hereditary factor, and that there 
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were certainly a number of uncontrolled variables even though the conditions 
appear so simple. It seems to follow that even if one found differences which 
were significant by statistical tests, they might be due to inherent differences 
in the material rather than to the experimental conditions. As an expression 
of the high degree of inconsistency in the figures, it will be seen that in most 
cases the standard deviation is about one-third of the mean. 


Table 1. Giving means and other statistics of length of life in days of males 
and females of body lice, under various marital and social conditions 


Material No. Mean 8.D. S.E. Max. Min. 
} monogamous 34 30-5588 11-93 2-05 52 6 
? monogamous 34 28-7647 13-40 2-30 60 8 
F unpaired 19 28-4211 8-35 1-92 49 10 
2 unpaired 16 26-6875 11-71 2-93 41 3 
2 unpaired, crowded 27* 26-0000 10-93 2-10 48 
Pairs, crowded, 3 19+ 32-3684 10-05 2-31 47 10 
Pairs, crowded, ° 19+ 25-5500 10-93 2-44 48 3 

* Two experiments together. + Three experiments together. 


Our normals are derived from larvae which were isolated before they 
became adult. Pairs were made up from among those which moulted on the 
same day: each pair was maintained by itself in a box until death. Table 1 
shows that among thirty-four of these monogamous pairs, the mean life of the 
male was 30-56 and of the female 28-76 days, the differences between these 
means being much less than would be statistically significant. A consideration 
of the original data shows that the males outlived the females eighteen times, 
and the females the males fifteen times. Moreover, the frequency distribution 
given below does not show any significant difference between the two sexes 
(P=0-50). 


Sex Day ... 1-5 6-10 11-20 21-30 3140 4landover Total 
Male 0 3 a 8 14 5 34 
Female 0 1 10 8 10 5 34 


One concludes then that there is no evidence that sex influences the length of 
life. 

It will be remembered that the experimental lice were taken off at night 
and exposed to conditions of temperature which prevail in an unheated bed- 
room. It happens that seventeen of the pairs were studied in winter (December 
to March), seventeen in summer (April to June): no significant difference in 
the length of life of either sex could be found. 

From large larvae which have been isolated, single adults, which never 
paired, were obtained. The mean length of life for such males and females is 
given in Table 1: the means do not differ significantly from those of normal 
monogamous individuals of the same sex. 

The subject of overcrowding is one of great general interest, even if one is 
considering such an animal as the louse: among these insects the individuals 
can hardly be thought to compete with one another for food, though they 
might have some other adverse effect on one another if they were crowded. 


20-2 
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I find that if one puts six or seven pairs in one box, instead of one, the mean 
life of the males and females does not differ significantly from that of normals 
of the same sex: the results of three such experiments taken together are given 
in Table 1. This result is not altogether conclusive, for overcrowding might 
result in a few early deaths, which would leave a less dense population in 
which the duration of life might then be normal. But a consideration of the 
days on which deaths occurred shows that this did not occur: the frequency 
distribution is very like that given above for normal pairs. 

In other experiments virgin females which had emerged on the same day 
were crowded together, thirteen in one experiment and fourteen in another. 
The results of the two experiments together show means not differing signifi- 
cantly from monogamous females, or from virgins kept singly: but the two 
experiments were far from concordant. 

In certain experiments described below (Table 2) one female was kept with 
a large number of males. The length of life of these “crowded” males exceeded 
that of normal males in one experiment and was less than normal in the other, 
both differences from the normal being significant. The figures were as follows: 


No. Mean S.D. S.E. 
Exp. A 18 38°17 10-25 2-42 
Exp. B 15 16-40 5-93 1-53 


One does not know what causes such diversities, but they are frequently met 
with in work on Pediculus, and may be taken as warnings. 


Table 2. Showing effect of keeping many males with one female 
in standard box 


From start of experiment 











Age of ——- oS 
Numbers female Life of Life of Eggs 
a at start males mean females ; ; % 
Male Female days days days Total Per day* 
18 1 1 38-17 11 10 1-25 
15 1 1 16-40 7 0 0 
10 1 1 22-10 7 9 2-25 
7 1 4 About 21 16 51 3-92 
7 1 1 31-71 ll 15 1-87 
6 1 2 30-50 6 0 0 
6 1 1 ? 11 5 0-62 
6 1 2 ? 1 0 0 
4 1 7 ? 19 71 4-43 


* Le. per day of reproductive life, see below. 


There is one special case in which crowding shortens the life of the female; 
this occurs if a single female is kept with a large number of males, a matter 
which has been the subject of a preliminary note (Buxton, 1937). The point is 
so interesting that the facts are set out in full in Table 2. It will be seen that 
when six or more males are put with a single female, she invariably lives a 
much shorter time than the normal: the mean life of the females in the first 
eight experiments is only 8-75 days, though there is considerable diversity in 
this matter. The males, on the other hand, are not affected by this degree of 
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crowding, as already mentioned. The cause of the females’ early death is not 
certainly established, but it is presumably due to frequent copulation or the 
violence of the males: more than once the female’s gut was ruptured, death 
following within a day. The presence of so many males does not appear to 
prevent the female from feeding, for one may see that the gut is full. The 
reduction in the number of eggs, which is considerable (see below) is not 
explained. 

It will be seen that in all the experiments (Table 2) the female was young. 
Two rather similar experiments were carried out in which several pairs were 
made up, each pair in a separate box; on the tenth day an excess of males 
(seven in one experiment, five in the other) was added to one box not the others. 
This appeared not to shorten the female’s life or reduce her production of 
eggs. It seems then that an excess of males is fatal only when the female is 
young. 

This effect of males on a single female appears to be a point of considerable 
interest, and may indicate a mechanism by which the density of the species 
is controlled in nature. Now it has been shown that in natural populations of 
head lice in Ceylon, either sex may be the more numerous, in populations 
in which the number of adults does not exceed about 100: but in the populations 
which are larger than that, males preponderated. The difference could not be 
attributed to sampling, the probability of that being about one in a million. 
The most likely explanation of this excess of males is that when the density of 
lice is high, the males kill the females, just as they do in the experiments in 
small boxes (Buxton, 1937). Unfortunately, there is no other collection of 
data which would show whether the same phenomenon occurs in other 
countries. Populations containing more than 100 adult lice are extremely 
unusual in the other countries from which material is available. 

It is of interest to consider the opposite case in which contact between the 
sexes is less than normal. One may do this by isolating large larvae, selecting 
a newly emerged male and several females (not consanguineous), which are 
kept in separate boxes and visited by the male in rotation, 24 hr. being spent 
with each. Two experiments were carried out, with four females in each case. 
Adding them together, the mean length of life of the females was 34-62 + 2-35 
days. This does not differ significantly from the figure for normal monogamous 
females, whether one tests by the standard error of the mean or by ¢. The 
eight females laid a mean of 116-37 eggs, i.e. 3-68 eggs per day of reproductive 
life, a figure which is close to that of those normal females which live about 
the same number of days (Table 3). 

Excluding the special case in which one female is kept with a large number 
of males, one may conclude that the length of life of the adult is little affected 
by crowding within the limits of my experiments: moreover neither sexual life, 
nor the temperature to which they were exposed fasting at night, appeared to 
have an effect. It seems then that there is a rather wide range of conditions 
which might be described as “normal” for this insect. 
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Table 3. Showing the relation between the length of the female’s reproductive 
life (her total adult life less 3 days), and the number of eggs she lays per day 


Reproductive life in days 











ee a 
Under 20 21-30 3140 Over 40 
No. of females 10 9 8 7 
Mean reproductive life 10-90 25-11 35-00 48-86 
in days 
Mean eggs per female 31-40 80-22 125-87 212-43 
Mean eggs per day of 2-88 3-19 3°60 4-35 
reproductive life 
SEXUAL BIOLOGY: PRODUCTION OF EGGS 


One may isolate large larvae so as to obtain adults which have never 
paired. If one keeps these adults for 2-3 days, then puts a male and female 
in one box for 24 hr., and then separates them, the female lays fertile eggs, 
which is evidence that pairing has occurred (seven experiments). If one 
performs a similar experiment, in which one partner, or both, is under 24 hr. 
old, pairing generally but not invariably takes place, as the following figures 
show: 





Result 
Age 3 Age 9 No. of r me ‘ 
days days experiments Fertile Not fertile 
Several Under 1 10 8 2 
Under 1 Several 5 3 2 
Under 1 Under 1 4 3 1 


It is clear that during the second day of adult life, both sexes may be capable of 
successful pairing, but that they are not invariably so. 

So far as is known, a male and female put together almost always produce 
fertile eggs, provided they are in the same box for a few days. I have notes of 
fifty-one such pairs, only one of which failed to lay fertile eggs: this female was 
clearly pathological in other respects, for she only laid sixteen eggs (all of 
which shrivelled) in a reproductive life of 14 days. Data published by Bacot 
(1917) agree in showing that, apart from accident, or considerable abnormality, 
any pair of lice is potentially fertile. 

We may now take as our normals the thirty-four monogamous pairs, 
which were brought together before they were 24 hr. old and remained together 
till parted by death: of these the length of life has already been tabulated 
(Table 1). These females laid 3530 eggs, a mean of 103-82 (s.z. 11-83) per 
female (maximum 232, minimum 8). It is observed that generally the female 
lays no eggs for the first 2 days (the period being irregular), and none on the 
last day of her life. One may therefore take the female’s reproductive life as 
being 3 days less than her total life as an adult: the reproductive life is there- 
fore 25-76 (mean). This gives a mean of 4-03 eggs per day of reproductive life 
for the thirty-four females. But the matter is more complex, for the number 
of eggs produced daily is influenced by the length of the female’s life, those 
which live longest tending to lay more eggs daily, as Table 3 shows. The 
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steady and considerable rise in eggs per day could hardly be due to a sampling 
error. That it is significant is shown by the correlation coefficient for days 
of reproductive life, and eggs per day, for the thirty-four females: the value of 
ris +0-43, which differs significantly from zero. So far as I am aware this is 
the first recorded case in which the number of eggs laid daily is a function of the 
length of an insect’s reproductive life. 

It has been shown in several insects that overcrowding reduces the female’s 
daily output of eggs. Whether this is so in Pediculus is not known. 

So far as my figures go, they show no evidence that there is a seasonal 
factor in the length of the mother’s life, or her total or her daily production of 
eggs: but it must be admitted that the figures are not well distributed over the 
seasons, and one would suppose that daily reproduction is less in winter, as 
the lice spent 8 hr. of the 24 at the temperature of an unheated room. 

Inequality of age between the sexes is no bar to sexual life. I have several 
records in which one partner was over 20 days old, the other under 1, and in 
which fertile eggs were laid after 2 or 3 days of cohabitation. 

It has already been shown (Table 1) that in total life a virgin female does 
not differ significantly from the normal monogamous female. It is unfortunate 
that the only virgin females of which the eggs were counted was a small 
group of nine of which the mean life was rather short, 21-89 days. Reckoning 
the reproductive life as 3 days! less, the means are reproductive life 18-89 days, 
eggs per female 52-11, eggs per day of reproductive life 2-76. These figures seem 
to show that in daily production of eggs virgin females differ little from the 
normals. — 

A sample of eggs (twenty or so) from each of sixty-nine virgin females was 
collected and incubated. All the eggs shrivelled within a few days and none 
hatched. This is consistent with the results obtained by several other workers, 
who have used different strains of the body louse. 

It occasionally happens that a virgin female ceases to lay eggs (or fails to 
start to lay), becomes tensely swollen and dies after several days. This cause of 
death has not been noticed in females which had paired. 


SEX RATIO 

There are great divergencies in the proportions of males and females in 
natural populations of lice, a subject on which I hope soon to publish a large 
body of fact. Laboratory studies on sex ratio, and on the possibility of modi- 
fying the secondary sex ratio, may help us to understand what is found in 
nature, and have been carried out with that in view. It would also be 
valuable if the genetics and cytology of sex determination could be studied by 
modern methods. The early work of Doncaster & Cannon (1920), and Cannon 
(1922) suffices to show that the cytological problems are not simple. 

1 In unpaired females the pre-oviposition period seems to be rather longer, as well as more 


irregular, than in those which have paired: but the above figures are reckoned on the same basis 
as those derived from normal females. 
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It is known that the progeny of a single pair of lice are frequently of one 
sex or nearly so. In the strain of body lice investigated by Hindle (1919), this 
was pronounced, families of 45 males, 0 females, 0 males and 64 females, etc., 
being reared, though such ratios as 13:18, and 15:17 were also found. In 
the strain of body lice which Doncaster & Cannon (1920) used this was less 
extreme, the sexes being approximately equal in most families, though one 
family of 22 males, 1 female, was reared. 

The few figures which I have collected, from two strains of body lice 
(Bermondsey I and II) are given in Table 4. It will be seen that strain I is 
more inclined to produce unisexual families than strain II. These facts, and 
those of the other authors, have been embodied in a diagram (Buxton, 1939, 
Fig. 19). 

Table 4. Showing sex ratio in offspring of single pairs of lice, omitting 

all families in which less than ten adults were reared 








Bermondsey I Bermondsey IT 
ia : _— c —— \ 
Larvae Larvae 
Females Males dead Females Males dead 
4 17 3 33 16 37 
0 25 ? 23 21 19 
0 ll ? 28 23 47 
21 0 s 0 26 12 
26 0 20 10 1 41 
31 0 2 8 2 8 
63 0 g* 52 1 26 
45 0 26* 14 4 11 
37 0 18* 


* Progeny of three sisters, paired repeatedly with a single brother. 

It must be admitted that all these ratios are “secondary”, a considerable 
mortality in eggs and larvae having occurred (p. 312): this source of error 
is less in Doncaster & Cannon’s data, for they determined sex by examining 
the gonads in the first stage, and did not wait for maturity. 

The tendency for Pediculus to produce unisexual families may have con- 
sequences inconvenient to the experimenter. As the insects have to be reared 
on man one endeavours to keep one’s stock as small as possible, and one may 
chance to get a succession of families, all of the same sex. In my own ex- 
perience a succession of 190 male and three female births occurred, which 
caused the extinction of the strain Bermondsey I. This is an interesting 
observation, for the same thing might occur in nature if an infested person 
killed nearly all the lice which were infesting him, chancing to leave a few of 
which the offspring were unisexual. 

It would be a matter of interest to know whether the successive births from 
a pair of lice tend to be in “runs” of one sex, and also whether there is a 
tendency for the sex ratio of the offspring to change with the parents’ age. 
This would be best determined by taking each successive egg from a pair of 
lice, and rearing it. That would be very laborious: instead of doing this I have 
collected the batch of eggs of a pair of lice every few days, and reared each 
batch separately. The results of two experiments (A and B) are shown in 
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Table 5. As to whether short runs of one sex occur among the births (other 
than those which could reasonably be attributed to chance), that can hardly 
be determined from these figures. But at least they give no evidence for a 
change of sex ratio as the parents become older. Several other experiments 
point to the same conclusion. The point can only be studied if one can give 
much time to it, for many experiments are fruitless, either because of a high 
mortality in early stages or because the progeny are nearly or quite unisexual. 


Table 5. Showing the sex of the progeny of a single pair of lice of which 
the eggs are collected and reared every few days 


Adults reared 


A 





pt Pte 
Pair Batch Eggs Hatched Total Male Female 
A First 5 4 0 — — 
Second 1) 9 4 1 3 
Third 16 16 15 ll 4 
Fourth 13 10 7 2 5 
Fifth 14 12 i) 5 4 
Sixth 18 12 9 4 5 
B First 26 24 ll 9 2 
Second 20 17 15 13 2 
Third 21 16 15 ll 4 
Fourth 22 21 14 12 2 
Fifth 16 ll 8 7 1 


It would tell us something about the composition of a population of lice 
if one could determine whether unfavourable circumstances (partial star- 
vation or crowding of larvae) produced a differential mortality, and thereby 
a disturbance of the secondary sex ratio. It is difficult to devise an experiment, 
for one must keep a proportion of the larvae from each pair, in order to deter- 
mine the primary sex ratio as nearly as possible: that leaves one a rather 
scanty material, which may be subjected to crowding or partial starvation. 
My very few experiments are not worth recording in detail. They give no 
grounds for thinking that crowding, or partial starvation of larvae alter the 
secondary sex ratio. 


BIOLOGY OF LARVA 


If larvae are kept in the way already described one observes great in- 
dividual differences in the day on which the moults take place: it will be 
remembered that there are invariably three larval instars, so that the insect 
is mature after the third moult. The following figures show the days on which 
the moults occurred, and are based on eighty-seven newly hatched larvae, 
which produced seventy adults: 


Day...6 6 7 8 9 10 11 12 13 144 15 16 «217 «218 «219 «(20 
Ist moult § 17 32 is & ; ; : , : 
2nd moult e z § $= w& Bw 8S S& . » 7 3 
3rd moult Ls ‘ ‘. P ‘ ‘ . . ‘ 56 10 17 2 10 2 


Occasionally, in other batches of larvae, final moults have occurred as early 
as the twelfth and as late as the twenty-sixth day. The effect is to some extent 
seasonal, the period being shorter in summer. 
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It is well known that the length of larval life is approximately equal in the 
two sexes, so that there is no tendency for males to emerge before females, or 
vice versa. 

Taking the figures derived from experiments carried out on myself (and 
I appear to be an unfavourable host, see below), I have notes relating to 
707 larvae, of which 270 (38-19%) died before becoming adult. The daily 
deaths were as follows: . 

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 onwards 

Dead 24 56 34 42 23 2118 74664165666d12d2120d12021(%7 
It will be seen that the peak of the mortality is between the second and fourth 
day, due probably to inability to feed, or to feed sufficiently. At its highest, on 
the second day, the mortality is over 8%, on the fifth day it is 4%, and on 
the tenth 1-3°%,. As the mortality is clearly not on a geometrical progression 
one concludes that it is due to a multiplicity of causes. After about the 
fourteenth day one cannot calculate the larval mortality from these figures, as 
some individuals have become adult. 

The lice were reared on myself by the method already described. A rather 
high mortality was experienced, which may be due to my being somewhat 
unattractive to small larvae: I frequently find that newly hatched larvae do 
not feed on me either through gauze, or if they are liberated on my bare arm 
under a cardboard shield and left there for half an hour. Since the work here 
described was concluded we have found that one of my assistants can rear 
larvae with much less mortality. One occasionally observes a very high 
mortality in a group of larvae, some dying within a few days of hatching, and 
others developing but failing to emerge from the egg. The phenomenon is 
well worth fuller study. I do not believe that it is due to an environmental 
cause, such as unfavourable humidity, for it appears to affect one batch, but 
not another treated similarly. Whether it is due to an infection or the operation 
of some congenital cause, such as a sublethal gene, is unknown. 
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THE HOST 
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AND W. 8. BULLOUGH, B.Sc., Px.D., 
Department of Zoology, University of Leeds 


(With 1 Figure in the Text) 


1. INTRODUCTION 


Ir has been suggested that the susceptibility of host animals to attack from 
blood-sucking ectoparasites such as ticks is correlated with the physiological 
condition of the former. MacLeod (1932) stated that, in the case of the sheep 
tick Ixodes ricinus, “susceptibility of a sheep to infestation appears to depend 
on its physical condition and breed”’. From field observation, he showed that 
a barren ewe was markedly less infested by female ticks than were two 
pregnant ewes on the same pasture. Rowan & Gregson (1935) indicated that 
female ticks (Dermacentor andersoni Styles) would not engorge on a rabbit in 
anoestrus although they inserted their mouth-parts. The same ticks engorged 
at once when placed on a rabbit rendered sexually active by prolonged 
exposure to light. These facts are suggestive and, if substantiated, may well 
prove to have a profound bearing on problems of tick bionomics. 

The actual nature of an association between sexual condition of host and 
susceptibility to attack might take one of several forms. The attraction of the 
sexually active host might be one of skin secretion or structure, but, since the 
ticks used in Rowan & Gregson’s experiment inserted their mouth-parts before 
refusing to engorge, it would appear that the reason lies deeper than this. 
The deciding factor for successful engorgement may well be the qualitative 
features of the blood of the sexually active hosts. The following experiments 
were therefore designed to determine whether the successful engorgement of 
Ixodes ricinus is dependant upon or related to the breeding condition of the 
host and the amount of sex hormones present in the blood. The hedgehog 
(Erinaceus europaeus L.) was chosen as the host animal, since it is a natural 
host of this tick, is easily kept in the laboratory, and is a hibernating animal 
with a very pronounced seasonal reproductive cycle. It passes the winter in 
a state of almost complete sexual dormancy, which can however be broken 
by treatment with extra light and warmth (Allanson & Deansley, 1935). 
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2. MATERIALS 

Unfed stages of Ixodes ricinus were obtained during October and November 
1938 from a hill pasture on the Yorkshire Pennines, and, in the laboratory, 
the different stages were stored separately in muslin-covered tubes containing 
moist silver sand. Unfortunately, however, by the end of December, when the 
parasitization experiments began, a certain mortality occurred which reduced 
the stock of unfed female ticks from thirty-five to twenty-seven. 

Seven hibernating hedgehogs were collected from a variety of places in 
England during November. Until required for the various experiments, they 
were kept out-of-doors, and the cold weather during November and December 
ensured continued hibernation. 


3. TREATMENT OF HOSTS 

The seven hedgehogs were lettered A to G, and they received the following 
treatment. 

Control A (male) was kept in hibernation until the parasitization experi- 
ments began, when it was killed. 

Controls B (female) and C (male), when brought indoors for the parasiti- 
zation experiments, continued to hibernate and were therefore not fed. 

D (female) and E (male) were brought into the laboratory, and at 2-day 
intervals injected respectively with preparations of female and male sex 
hormones. Injections were given subcutaneously into the back, and each 
animal received seven in all. The female sex hormone oestrin (Menformon: 
Organon Laboratories), obtained in aqueous solution, was diluted ten times 
with Ringer solution before use, and at each injection 1 c.c. of this solution was 
given. Each dose was equivalent to 0-01 mg. (100 international units) of 
oestrin. The male sex hormone used was an oily solution of testosterone 
propionate (Perandren: Ciba, Ltd.). This was diluted ten times with sesame 
oil, and each dose (1 ¢.c.) was equivalent to 0-5 mg. of testosterone propionate. 
As a result of this treatment both animals ceased to hibernate, and they were 
therefore fed daily on milk and chopped meat. 

F (female) and G (male) were taken from hibernation on 5 November and 
placed in a wooden box (48 x 14 x 14 in. high), the roof and one side of which 
were replaced by wire netting. The animals were exposed to daylight, and after 
sunset extra light was given by means of two 75 W. pearl electric lamps. Each 
day the period of extra illumination was increased by 1 hr. until the total 
period of daily light was 17 hr. At the same time the temperature was raised 
gradually from about 10 to 18°C. The illumination and temperature then 
remained constant until 28 December when the parasitization experiments 
began. Throughout the whole period the animals were fed daily with milk and 
chopped meat. 

At the end of the parasitization experiments all the hedgehogs were 
chloroformed, and the reproductive systems fixed immediately in Bouin’s 
fluid. The gonads, their ducts, and the seminal vesicles were cut in sections 
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7 thick, and stained in Heidenhain’s iron haematoxylin and Masson’s triple 
stain. 

The controls A, B, and C were in the anoestrous condition described as 
typical of the winter months (Deansley, 1934; Allanson, 1934), the 4 weeks 
which B and C spent in the laboratory having had no effect. The injection of 
oestrin into hedgehog D caused the vagina and uterus to swell. In E the 
testosterone propionate induced an increase in size of the seminal vesicles, and 
an increased activity in the testes. In the hedgehogs F and G complete develop- 
ment of the reproductive systems was found after 7 weeks’ exposure to in- 
creasing light and warmth. The vagina of F was greatly enlarged and swollen, 
the ovaries contained mature ova, and several corpora lutea were present. 
The male G had enormous seminal vesicles, and the prostate and Cowper’s 
glands had attained their full spring development. The tubules of the epidi- 
dymes were large and packed with spermatozoa, and in the testes active 
spermatogenesis was proceeding. 


4, PARASITIZATION EXPERIMENTS 


The infestation experiments were carried out between 28 December 1938 
and 26 January 1939, in a dimly-lit room with an even temperature of approxi- 
mately 10° C. Under these conditions the ticks remained active. 

The hedgehogs were housed separately in wire cages (14 x 12 x 12 in. high), 
each standing over a shallow dish of water. The netting which formed the 
floor of the cage was about 2 in. above the water from which the ticks were 
collected as they fell. The water was examined and renewed daily, and any 
unfed ticks which had fallen were replaced on the host. Engorged females 
were kept on moist filter-paper in Petri dishes so that records of oviposition 
could be obtained. 

The control hedgehogs B and C were each parasitized with five female 
ticks and five nymphs. The same numbers were placed on the sexually-active 
animals F and G, but, owing to the shortage of unfed female ticks, the injected 
hedgehogs D and E received only four female ticks and five nymphs and three 
female ticks and five nymphs respectively. The feeding reactions of these 
ticks to the various hosts are shown diagrammatically in Fig. 1. It is seen 
that the majority of the female ticks and nymphs attached and fed success- 
fully on each host. The nymphs all took about 5 days to complete their feeding, 
but the female ticks on the hibernating hedgehogs B and C took longer to 
complete their engorgement than those on the hedgehogs F and G. This was 
probably due to the lower blood temperature of the hibernating animals. A 
few female ticks remained attached to their hosts for a very long time, and 
some had even failed to complete their engorgement when the experiment was 
ended. This occurred equally in both control and experimental groups, and 
the conclusion is reached that neither the physiological state of the host nor 
the sex hormone content of the blood are deciding factors for successful 
engorgement. 
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5. OVIPOSITION 


The female ticks which engorged successfully fed upon blood which varied 
considerably in its sex hormone content. As it was possible that this might 
produce an effect on the fecundity of the parasite, the fertilization of these 
female ticks was ensured and the number of eggs laid recorded. The number of 
ticks was, however, too small and the previous nutritional history of each 
too obscure to allow of more than the most general indication of any effect 
which might exist. 

Egg-laying commenced about a month after the ticks had dropped from 
their hosts, and it occupied about 3 weeks. Ticks from the control hedgehogs B 
and C laid 397, 606, 626, and 975 eggs, an average of 651. Those from the 
sexually active hedgehogs F and G laid 248, 485, 502, 738, 941, and 1196 eggs, 
an average of 685. The ticks from the injected hosts D and E did not appear 
healthy, and those which survived to oviposit laid only 71 and 182 eggs. 


6. SUMMARY AND CONCLUSIONS 


1. The feeding of the tick Ixodes ricinus was studied in relation to the 
reproductive condition of the host, in this case the hedgehog Erinaceus 
europaeus. 

2. Hedgehogs in hibernation, in full breeding condition, and injected with 
male and female sex hormones, were parasitized with unfed nymphs and 
female ticks in midwinter. 

3. Attachment and engorgement of the ticks was successfully accomplished 
on both sexually active and inactive hosts. The longer time required to com- 
plete engorgement on the hibernating hedgehogs may be explained by their 
lower blood temperature. 

4. Parasitization by this tick does not appear to be related to the repro- 
ductive condition of the host animal, and the amount of sex: hormone in the 
host’s blood has no apparent immediate effect on the fecundity of the tick. 
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A NOTE ON MICROCOTYLE FUSIFORMIS GOTO. 
A FISH TREMATODE NEW TO BRITAIN 


By H. DRAPER CROFTON, B.Sc. 


From the Department of Zoology, King’s College, University of Durham 
and Dove Marine Laboratory, Northumberland 


Tue genus Microcotyle of the order Monogenea is a large one, containing about 
forty species, and it is well summarized by MacCallum (1913, 1915). 
In British waters, however, only four species of Microcotyle have been 

recorded : 

M. donavani van Ben. & Hesse Scott, 1905 

M. labracis van Ben. & Hesse Scott, 1905 

M. draconis Briot. Nicoll, 1915 

M. centrodontus Brown Brown, 1929 


The present specimens were found on the gills of Centronotus gunnellus, 
collected from rock-pools at Cullercoats, Northumberland, during the summer 
of 1937. 

The symmetrical cotylophore and general anatomy shows them to be a 
member of the genus Microcotyle. The possession of bilocular mouth-suckers, 
the number of suckers on the cotylophore, the general shape, and the length, 
which is surprisingly constant, clearly separate these specimens from all other 
known species of the genus Microcotyle except M. fusiformis. 

A comparison of measurements of these specimens with the measurements 
made by Goto is given below: 


Goto (1894) Present specimens 
Length in mm. 2 2-0-2-3 
Max. width in mm. — 0-3 mm. 
Diameter and shape — Bilocular 0-05 mm. _ Bilocular 
of mouth suckers 
Length of caudal disk — 0-9-1-0 mm. 
Pairs of suckers on caudal 33 31-33 
disk 
No. of testes 15 14-16 
Vaginal aperture Median dorsal Median dorsal 
Cloacal aperture At posterior end of pharynx, At posterior end of pharynx, 
with thin conical hooks with thin conical hooks 
measuring 0-007 mm. measuring 0-005-0-01 mm. 


Goto’s specimens were taken from Centronotus rubulosus in Japan. 
During the months of June, July, and August, there was a high percentage 
of infection, individuals having as many as six parasites each. From the end 
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of August 1937 till April 1939, seventy of the fish hosts from the rock-pools 
were examined, but no further parasites found. 

In April 1939, fish were taken from the Aquarium of the Dove Marine 
Laboratory, Cullercoats, Northumberland. It was found that five out of six 
Centronotus gunnellus were heavily infected. 
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INTRODUCTORY 


THE technique of ultrafiltration with collodion membranes devised by Elford 
(1931, 1933) has proved of great service in the study of animal viruses and in 
accurate estimation of their particle sizes. We have, however, obtained a 
different type of result in parallel studies on the plant viruses. Out of seventeen 
viruses studied over a period of several years involving over 400 experiments 
only two viruses give results similar to those obtained by Elford with animal 
viruses. The results obtained with these two viruses indicate them to be 
monodisperse suspensions of spherical particles being filtered under optimum 
conditions. The remainder of the plant viruses studied show divergence to 
a greater or less degree from this type of result. 

The two viruses in question are Lycopersicum virus 4 (tomato bushy stunt 
virus) and Nicotiana virus 12 (tobacco ringspot virus). Their filtration end- 
points of 40 my are always the same and do not vary however the treatment 
of the virus suspensions may be modified prior to filtration. This fact is of 
considerable importance in view of the somewhat conflicting results obtained 
with all the other viruses studied because it proves that the membranes and 
the technique of filtration are not at fault. We are drawn therefore to the 
conclusion that the anomalous results obtained in the filtration experiments 
with the other viruses are due to characteristics inherent in the viruses them- 
selves rather than to irregularities of technique. This suggests a fundamental 
difference, probably of shape, between the animal viruses and most of the 
plant viruses. 
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In the present paper we have confined ourselves to studies of Nicotiana 
virus 11 (tobacco necrosis virus) because the peculiarities of its filtration be- 
haviour may perhaps hold the clue to the results obtained with a large number 
of other plant viruses. These latter results will be presented in a subsequent 
publication. 

The filtration curve of the virus is given in Text-fig. 1A and it is drawn 
from the average of a large number of straightforward filtration experiments. 
It is at once apparent that there is a peculiarity about this curve in the form 
of a “bench” with an upward trend. This “bench” indicates a sudden drop 
in the number of local lesions between the pore sizes 200 and 130 my respec- 
tively. This sudden drop in lesion counts is invariably present in filtration 
experiments with clarified virus sap and can be illustrated by the following 
typical examples. Filtrates from three passages of a.P.D.1 250 mp gave 880, 
302 and 233 lesions, whereas filtrates from three passages of a.P.D. 125 mu 
gave 63, 60 and 16 lesions. 

Although the “bench” is invariably present in the filtration curve its 
level is by no means constant. This is shown in Text-fig. 2 which indicates 
how the level of the bench seems to move up and down spontaneously without 
treatment. There is a tendency for one part of the bench to remain constant 
near 125 my and for the slope to increase near 65 mu. Some evidence suggests 
that the level of the “‘bench” can be correlated with the time of year at which 
the plants from which the virus is obtained are grown. In Text-fig. 4 in which 
the average level of the “bench” is plotted against dates over a period of 
three months, a continuous rise is shown. 

For the sake of clarity we have presented this paper in three parts: in the 
first part the fact of the filtration peculiarity is given together with some 
possible theories to explain it; in the second part the various experiments 
are described; and in the third part an attempt is made to discuss the bearing 
of these experiments on the filtration behaviour of the virus. 

Some of the possible explanations then seem to be as follows, the virus 
suspensions may contain particles of two distinct sizes. If this be the case 
both particles would filter freely through all membranes down to A.P.D. 200 mu 
and thereafter the smaller particle only wou!d pass the filters until the limiting 
membrane of 40 my A.P.D. was reached. This theory would account for the 
sudden drop in lesion counts at the 125 my level. 

A second possibility is that the virus particle may be asymmetrical with 
a length of three or four times its diameter. On this theory of an asymmetrical 
particle the assumption would be that an a.p.p. of 125 my is the filtration 
end-point of the particle with its long axis in the plane of the membrane while 
the a.p.p. of 40 my is the filtration end-point of the particle with its long axis 
perpendicular to the membrane surface. A third possibility is that the virus 
particles in the suspension may be in a state of dynamic equilibrium in which 


1 Average pore diameter. 








322 Filtration studies on Nicotiana virus 11 

















Fig. I 
of 600 
500 
0-8+ 
nm 
=| 
° 
400 “a 
2 
06+ > 
E 
* 
E 300 “5, 
~ S 
0-4L § 
£ 
200 § 
z 
0-2L 
4100 
0 —_— a l i Ll ! 1 
0 10 20 30 40 50 75. 100 150 200. 250 


Membrane A.P.D. in mu. 


Fig. 1. The curve for the average of a large number of filtration experiments with untreated 
suspensions of tobacco necrosis virus is shown in A. B is the theoretical curve for a mono- 
disperse system, while C is the curve obtained by Elford et al. for the ultrafiltration of horse 
serum containing particles of two different sizes. 
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small virus particles are continually building up into aggregates and as con- 
tinually breaking down again. On this assumption the aggregates would be 
held back by membranes of smaller a.P.p. than 125 my but the small particles 
would continue to filter during their momentary dissociation from the aggre- 
gates. Finally there is the possibility of adsorption of the virus particles on to 
impurities in the virus suspension. 


MATERIAL AND METHODS 


Nicotiana virus 11, the cause of tobacco necrosis, is an unusual virus which 
is found in the roots of a variety of normal-looking plants without producing 
disease. It seems to be chiefly associated with the tobacco plant in which it 
occasionally gives rise to necrosis of the two lowest leaves. When inoculated 
experimentally into the leaves of tobacco and other plants it produces localized 
necrosis. It was described for the first time a few years ago (Smith & Bald, 
1935). 

In obtaining sufficient quantity of this virus the investigator is hampered 
by its association with the roots only of plants and by the fact that it does not 
become systematically spread through its host plant. In order to obtain 
enough virus for filtration it is necessary to inoculate the lower leaves of young 
tobacco plants using carborundum powder to increase the formation of local 
lesions. Since this virus does not spread beyond the inoculated leaf, it is 
important to gather these leaves at the correct moment before the lesions have 
dried, in order to obtain the maximum amount of virus. The leaves are 
pounded in a mortar or put through a mincer and the resulting sap is passed 
through fine muslin and afterwards clarified by spinning on the centrifuge or 
by passage through kieselguhr. 

In the routine filtration experiments with tobacco necrosis virus the 
clarified virus suspension was mixed with Hartley’s broth in the ratio of 4: 1. 
The broth was first filtered through a tight membrane of 23 my a.P.D. and 
2 c.c. of this filtrate were passed through each membrane prior to its use. All 
filtrates were tested on the leaves of the French bean (Phaseolus vulgaris) 
which react with clear discrete lesions (see PI. II). 


EXPERIMENTAL 
Fractional filtration 


In their experiments on the ultrafiltration of horse serum, Elford et al. 
(1936) have shown that it does not consist of a monodisperse colloidal protein 
system but contains particles of two different sizes. They find that in a series 
of filtration experiments, the filtration curves in the regions of 95 mp» and 
over are normal, i.e. they show little diminution in protein concentration in 
successive fractions of the filtrate. Over the range of porosities 80 to 35 my, 
however, the curves become abnormal in type, the concentration of protein 
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Fig. 3. Effect on the position of the “bench”’ of diluting 
the crude virus sap prior to filtration. 
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in the filtrate falling off rapidly as blocking of the pores sets in. In the case 
of porosities of 30 my and less, however, there is reversion to the normal type 
of curve, suggesting that a fraction of the serum protein is able to pass fairly 
readily. 

On the suggestion of Dr Elford somewhat similar filtration experiments 
were performed with the tobacco necrosis virus. A kieselguhr filtrate of the 
virus was passed through a series of membranes of varying A.P.D., and the 
filtrate collected in successive 4-5 ¢c.c. aliquots. The results show that above 
200 my, there is a very slight drop in virus concentration in successive frac- 
tions, about 15% between first and fifth c.c. In pore sizes in the region of the 
“bench”, the decrease in virus content is greater, about 35°%. The virus 
content of the successive fractions does not in fact remain constant until the 
A.p.D. of the limiting membrane is nearly reached. 


Double filtration 


The next experiments to investigate the filtration peculiarities of this virus 
consisted of double filtrations. In one set of experiments the undiluted 
kieselguhr filtrates were passed, first through a series of membranes of wide 
range of a.P.D. and then through a membrane of small pore size, just above the 
filtration end-point of the virus. The following protocol indicates the pore 
sizes used, 1000, 500, 250, 125 and 90 my respectively. Filtrates from these 
membranes were then passed each through another membrane of 4.P.D. 45 my. 
It was found that all filtrates through a.p.p. 45 my were reduced in virus 
concentration equally by one half. 

In the second set of experiments the above procedure was reversed and the 
virus suspensions were passed first through a tight membrane of a.P.D. 65 mu 
and then through a series ranging from 65 mp to 550 my. When the results 
of these experiments were plotted the curve showed no “bench” (see Table 3). 

In Text-fig. 6 are plotted the results of those double filtrations in which the 
first filtration was through membranes of a.P.D. varying from 500 to 90 mu 
and the second through 45 my. The filtration curve of the control virus sus- 
pension is shown at A. Preliminary passage of a membrane of a.p.D. 90 mu 
does not eliminate the “bench” nor increase filterability. In Text-fig. 7 are 
given the curves of the double filtrations in which the preliminary passage is 
through 65 my, the control filtration being again shown at curve A. Here 
it will be seen that filterability is increased and some factor is removed which 
produces the ‘‘ bench” in the filtration curve. Reference to Table 3 will show 
that there is no sudden drop in the lesion counts between the pore sizes 
250 and 132 my as is evident for the control filtration given in the same table. 


Resuspension of the virus on the membrane 


To investigate further possibilities the following experiment was performed, 
5 c.c. of a 4: 1 virus-broth suspension were put into the filter which was fitted 
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Fig. 4. Average level of the “bench”’ plotted against dates over 
a period of 3 months, a continuous rise is shown. 


Fig. 5. Dilution curve A compared with resuspension experiments, curve B. 
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with a membrane of A.P.D. 65 my. When 4-5 c.c. had passed the filter, the 
filtration was stopped and the virus content of these 4-5 c.c. was tested by 
inoculation; the remaining 0-5 c.c. was resuspended in 4-5 c.c. of a 4:1 
water-broth mixture. This was repeated a number of times and inoculation 
tests were made. It was found that the lesion numbers diminished very slowly, 
only by a factor of about 10 for the whole series instead of 10 between each 
successive pair of fractions (see Table 1). 


Table 1. Data of experiments on resuspension of virus inside the filter after 
passage of each 4-5 c.c. of filtrate, showing gradual diminution of lesion 


numbers 
Filtration A.P.D. of 
fraction membrane No. of lesions 
no. in mp per leaf 
1 105 118 
2 54 
3 70 
4 78 
5 88 
6 74 
1 105 118 
2 76 
3 52 
4 62 
1 141 132 
2 89 
3 80 
4 65 
1 145 59 
2 55 
3 35 
4 38 
1 230 226 
2 174 
3 183 
4 173 


For comparison with the results of this experiment a series of dilutions 
was made up of the same material in stages corresponding to the dilutions 
produced inside the filter (see Text-fig. 5). 


Filtration of diluted virus suspensions 


A series of comparative filtrations was carried out with undiluted virus 
and suspensions diluted in varying degree from 10-1 to 10-*. The results of 
these experiments are shown in Text-fig. 3, where it will be seen that all dilutions 
raised the height of the ““bench” in the curve and in one experiment the 
“bench” was completely eliminated. 


Effect of change in pH on filtration 


In order to test the effect of changes in pH on the filtration curve, a series 
of filtrations was made over a range of pH 3-8-9-8. The membranes used for 
each pH test were of 95 and 250 my a.P.D. respectively, with a control 
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Fig. 6. Double filtration experiment, first through large pores then through small, 
control filtration curve A, double filtration curve B. 


Fig. 7. Double filtration experiment, first through small pore then through large, control filtration 
curve A, double filtration curve B. For explanation, see text. 
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inoculation in each case. There was no evidence from these experiments that 
the lesion counts were appreciably affected by change in the pH of the virus 
suspensions except in the region of pH 9 where inactivation of the virus 
commenced (see Table 2). 


Table 2. Effect of change of pH on filtration ; the numbers refer to lesions 
on four half leaves of the bean, Phaseolus vulgaris 


A.P.D. of membrane 





c a 
pu 95 mp 250 my Control 
3°8 43 197 180 
4:8 164 330 645 
58 185 333 736 
6-8 292 562 933 
7:8 220 400 587 
8-8 14 60 56 
9-8 0 1 2 


Table 3. Data of double filtration results, virus passed first through a membrane 
of 65 mp A.P.D., then through a series of different sizes. Note no sudden drop 
in lesion counts after passage of A.P.D. 132 my and so no “bench” in filtration 
curve. Compare lesion counts of control filtrations through a.p.D. 132 and 
250 mp 


No. of lesions 


Virus Membrane a.P.D. _ on 6 half- 
suspension in mp leaves 

Control — 1075 
550 581 
250 645 
132 183 
90 84 
65 256 
37 0 
Filtrate through 550 178 
65 my, Exp. 1 250 131 
132 151 
90 262 
65 170 
37 0 
Filtrate through 550 168 
65 mp, Exp. 2 250 200 
132 103 
90 140 
65 133 
37 0 


Effect of precipitation and dialysis on filtration 


It has been shown previously (Smith & MacClement, 1938) that in the 
case of such viruses as Nicotiana virus 1 (tobacco mosaic virus) and Solanum 
virus 1 (potato virus X), precipitation of these viruses by chemical means 
materially affects their filtration end-point. In the present case filtration 
experiments were carried out with virus which had been precipitated «with 
alcohol, The virus sap was first clarified by the addition of 30°% alcohol, the 
resulting precipitate being centrifuged off and the virus itself then precipitated 
with 80 % alcohol (Pirie et al. 1938). In contrast with the results obtained with 
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the two viruses mentioned above, the filtration end-point of the precipitated 
dialysed tobacco necrosis virus was the same as that of unprecipitated virus. 
This behaviour is similar to that shown by Lycopersicum virus 4 (tomato 
bushy stunt virus). 

Some experiments were next performed to compare the filterability of 
precipitated and unprecipitated virus in dialysed and undialysed suspensions. 
The results of these experiments showed a consistent increase in the virus 
concentration of the filtrates from all dialysed material as compared with 
the undialysed, whether precipitated or unprecipitated. 


Discussion 


In outlining possible theories to account for the ‘‘bench” in the filtration 
curve, we suggested that the virus suspension might consist of particles of 
two sizes. Where a suspension is known to consist of two different-sized 
particles such as the horse serum filtered by Elford et al. (1936) a somewhat 
similar “bench” develops in the filtration curve (see Fig. 1, curve C). The 
experiments on fractional filtration and double filtration were designed to 
investigate this possibility, and the results do not support it very strongly 
though they do not necessarily disprove it. In regard to the fractional filtration 
there is a suggestion that plugging is taking place in the membrane over the 
range of a.P.D. within the “bench” on the curve and this might be due to the 
presence of a larger particle. 

Now if we assume that the virus suspension consists of particles of two 
different dimensions, the filtrates through the coarser pores in the double 
filtrations should contain both large and small particles while the filtrates 
through the finer pores would contain small particles only. If this is true 
there should be a sharp fall in the numbers of lesion counts given by the 
filtrates of the coarser membranes after passage of a.p.D. 45 mp due to the 
elimination of the larger particles. On the other hand since the filtrates 
through the finer-pored membranes theoretically contain only small particles, 
passage of a.p.D. 45 my should not materially reduce the virus concentration. 
This was not altogether borne out by the results of the experiments as all the 
filtrates through membranes of a.P.D. 45 my were reduced equally by one-half. 
If it is merely a question of the subtraction of a larger particle from a mixture 
of large and small the two curves should be similar but this is not the case 
(compare Text-figs. 6, 7). 

On the other hand we have seen that when the virus suspension was passed 
first through a tight membrane of a.p.p. 65 mp and then through a series 
ranging from 65 to 550 my, the resulting filtration curve showed no “bench” 
(Table 3). It is clear then that preliminary filtration through a tight membrane 
removes something which is the cause of this “bench”. 

It seems rather unlikely that the filtration peculiarities can be explained 
on the ground of asymmetry of virus particles alone, as suggested in the 
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second possibility, because preliminary filtration through a membrane of 
A.P.D. 65 my removes whatever is responsible for the “bench” in the curve. 
This obviously would not be the case if shape of particle alone were involved, 
though it does not follow from this that the particle is not asymmetrical. 
A slightly asymmetrical particle is more likely to form into aggregates than 
is a completely spherical one such as Lycopersicum virus 4 (tomato bushy 
stunt virus). 

The virus particles in a suspension may be in a state of dynamic equilibrium 
in which the small virus units are continually building up into aggregates and 
continually breaking down again. On this assumption the aggregates would 
be held back by membranes of 125 mp, the point at which the “bench” in 
the curve develops but the small particles would continue to filter during their 
momentary dissociation from the aggregates down to their end-point of 40 my. 
The experiments performed to investigate this possibility consisted of resus- 
pension of the virus on the membrane as described on p. 325 and it was found 
that the lesion counts diminished very slowly, only by a factor of about 10 
for the whole series instead of 10 between each successive pair of fractions. 
These results are consistent with the dynamic equilibrium theory with small 
virus units continually breaking away from their aggregates and being carried 
through the filter before they have time to reform into aggregates. This 
process would continue so long as there was sufficient virus in the suspension, 
so that there would be a gradual diminution in lesion counts such as was given 
in this experiment. The difference between the resuspension and dilution 
curves (see Text-fig. 5) is incompatible with the first theory suggested, that of 
two virus particles of different sizes. It requires some theory involving dispersal 
of aggregates to explain the slope of the curve. 

If we assume as suggested by Bald & Briggs (1937) that virus aggregates 
tend to break up with increasing dilution, then the filtrates of diluted virus 
should not show very great variation in lesion counts whatever the pore size, 
within limits, of the filtering membrane. The results of this series of experiments 
were inconclusive. One experiment supported this view in that the diluted 
virus gave similar lesion counts from filtrates through a wide range of pore 
sizes while the lesion counts from undiluted virus filtrates varied by a factor 
of 10. The other experiments did not give this result, which suggests that the 
aggregates, if they exist, do not always break up on dilution. However, the 
fact that increasing dilution raises the height of the “bench” leads to the 
deduction that the larger particles can break up into smaller ones, i.e. the 
large particles are aggregates of smaller ones, The resuspension experiments 
lead to the same conclusion. 

So far as the experiments on the effect of pH are concerned, the results 
do not support very strongly the theory of dynamic equilibrium, since it would 
be expected that pH would profoundly affect the dispersal of aggregates. 

In the comparative filtrations of dialysed and undialysed material, the 
results showed a consistent increase in the virus concentration of the filtrates 
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from all dialysed suspensions over undialysed. Now it has been observed 
already that the “bench” shows a tendency to move upwards which can be 
associated with the time of year (see Text-fig. 4). A similar tendency is pro- 
duced by dilution and we have just seen that dialysis appears to have the same 
effect. It may be possible to connect these tendencies with each other by 
dependence on some common phenomenon such as salt content. The conception 
of aggregates which break up on dilution fits in with the known non-pro- 
portionality of lesion counts and concentrations (cf. Bald & Briggs, 1937). 
It remains obscure, however, what factors, besides dilution, affect the relative 
proportion in which the large and small particles occur. pH appears not to be 
a relevant factor, but salt content may be. 


SUMMARY 


An account is given of ultrafiltration studies with Nicotiana virus 11 
(tobacco necrosis virus). It is shown that though the filtration end-point is 
about 40 my, there is invariably a sharp drop in the local lesion counts between 
the membrane pore sizes 250 and 125 mu. This phenomenon shows itself as 
a “‘bench” or shelf with an upward trend in the filtration curve (see Text-fig. 1, 
curve A). A number of possible explanations are given. The fact that increasing 
dilution raises the height of the bench leads to the deduction that large 
particles are breaking up into smaller ones, the larger particles being aggregates 
of the smaller. Experiments on resuspension of virus inside the filter and 
fractional filtration support the same conclusion. 

From the filtration end-point the particle size of the virus is computed 
to be between 13 and 20 my. 


Grateful acknowledgement is due to Dr Douglas E. Lea for much construc- 
tive criticism during these studies and to Dr W. J. Elford for some helpful 


suggestions. 
REFERENCES 

Bap, J. G. & Briaes, G. E. (1937). Aggregation of virus particles. Nature, Lond., 140, 111. 

E.rorp, W. J. (1931). A new series of graded collodion membranes. J. Path. Bact. 34, 
505-21. 

—— (1933). The principles of ultrafiltration as applied in biological studies. Proc. roy. Soc. 
B, 112, 384-406. 

E.rorp, W. J., GraBar, P. & Fiscner, W. (1936). Ultrafiltration studies with normal 
horse serum. Biochem. J. 30, 92-9. 

Pirie, N. W., Smita, Kennetu M., Spooner, E. T. C. & MacCiement, W. D. (1938). 
Purified preparations of tobacco necrosis virus. Parasitology, 30, 543-51. 

Smiru, KennetH M. & Bap, J. G. (1935). A necrotic virus disease affecting tobacco and 
other plants. Parasitology, 27, 231-45. 

SmirH, KennetH M. & MacCiement, W. D. (1938). The ultrafiltration of plant viruses. 
Proc. roy. Soc. B, 125, 295-7. 


EXPLANATION OF PLATE Il 


Leaf of the French bean (Phaseolus vulgaris) showing the necrotic lesions produced after inoculation 
with tobacco necrosis virus. 
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Myzxosporidia observed in Canadian fishes 


INTRODUCTION 


THE present paper deals with our observations on some Myxosporidia observed 
in certain marine and freshwater fish in Canada. Unlike those recently 
described by us (1939), many of the present forms are coelozoic, living in the 
gall bladder, urinary bladder or body cavity of their hosts. Such a separation 
from histozoic forms is convenient, but, as we recognized before (1939), the 
distinction between coelozoic and histozoic parasites is not hard and fast and 
is easily broken down. We have had the good fortune to find several new 
species of Myxosporidia and to be able to record new piscine hosts for others. 


MATERIAL AND METHODS 


The Myxosporidia examined have been obtained from freshwater fishes 
obtained in Montreal, Province of Quebec and from brackish and marine 
fishes collected at St Andrews, New Brunswick and Halifax, Nova Scotia. 
Our former colleague, Dr W. Templeman, kindly preserved some gall bladders 
of certain marine fishes at St Andrews, which, while unsuitable for morpho- 
logical detail, gave information of incidence of Myxosporidia that enabled two 
of us to examine fishes more profitably when on a subsequent visit to St 
Andrews and Halifax. Some parasitized fishes were bought locally in Montreal. 

Fresh material, smears and, in some cases, sections have been examined. 
The fixatives used have been 7-5% formol, Bouin and Carnoy fluids and 
haematoxylin, iron haematoxylin, thionin and Giemsa stains have been 
employed. Neutral red and methyl green have been of much service for intra- 
vitam staining. All drawings have been made with a camera lucida. 


THE MyxOSPORIDIA OBSERVED 


The Myxosporidia observed include members of the families Cerato- 
myxidae, Chloromyxidae, Myxidiidae, Myxosomatidae and Myxobolidae. 


Family CERATOMYXIDAE 


The family Ceratomyxidae is represented in our material by one new 
species of each of the genera Ceratomyxa and Myzoproteus. Ceratomyxa 
acadiensis Mavor has also been observed. 


Ceratomyxa urophysis n.sp. (PI. III, figs. 1-9) 


A new species of Ceratomyza has been found in the gall bladders of two 
out of five Urophysis tenuis, the white hake, one of four fish from St Andrews, 
N.B., and a single specimen from Halifax having harboured slight infections. 
In one case, it is possible that the infection was nearing its end, as the gall 
bladder was much thickened though the parasites were few, a condition we 
have observed in similar infections on previous occasions (1912). A few spores 
of this Ceratomyxa have been detected in the duodenal contents of the fish 
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from Halifax. The bile of the infected hosts was somewhat thicker than that of 
uninfected fish and some epithelial cells also were present. 


Morphology 


The trophozoites of Ceratomyxa urophysis are free-floating in the bile. At 
first they are small and rounded to conical (Fig. 1), but with increase in age, 
they thrust out elongate processes which are characteristically formed at 
three points, so that each trophozoite has a blunt, rounded or conical body 
portion with three processes almost at right angles to each other (Fig. 2). These 
processes, once formed, appear to retain their position and shape; they are 
not mobile and do not appear to be withdrawn. Small forms are about 30-35 yu 
in length, including the axial pseudopodium or process, while the largest forms 
measure 75. 

The ectoplasm of the trophozoites is distinct and hyaline (Fig. 2). The 
endoplasm is granular, without inclusions and extends into the processes 
which are not strictly pseudopodial. A similar condition has been recorded by 
Thélohan (1895) for Ceratomyxa appendiculata, C. reticularis and C. globulifera, 
Very small specimens are uninucleate but up to twenty nuclei have been 
counted in the larger ones. 

Segregations of cytoplasm forming pansporoblasts occur in the body of the 
trophozoite. These become multinucleate (Fig. 3) and differentiate into di- 
sporous sporoblasts, which at first are oval (Fig. 4) but elongate later and 
become more or less quadrangular in outline (Figs. 5-8). 

The spores are curved, one curvature being more marked than the other 
(Figs. 5-9). There are no marked prolongations of the valves such as Mavor 
(1915, 1916) described for Ceratomyzxa acadiensis, also Ellis (1930) and which 
we have seen ourselves, The valves are smooth. The slightly curved sutural 
line is quite distinct in some spores (Figs. 5, 6) but is not easily seen in others. 
The parietal or valvular nuclei (Figs. 6, 9) are rounded, They were seldom 
seen, The sutural diameter of the spores varies from 5 to 7-5 and the breadth 
from 25 to 391 pw. 

The polar capsules are small pyriform bodies, one on each side of the 
suture, and usually extend about half the length of the sutural diameter. 
The capsulogenous nuclei are relatively large and rounded (Figs. 5, 6). The 
polar filaments have somewhat coarse coils; extruded ones measured 38-3-45 
in length. ; 

The sporoplasm is somewhat asymmetrically arranged. Two nuclei are 
present, each with an excentric karyosome. 

A few free spores (Fig. 9) have been found in the duodenal contents as well 
as in the bile. 

Systematic position 

The species of Ceratomyza here described has trophozoites differing from 
those of other species by the constant presence of three large processes. With 
regard to the spores, Mavor has described Ceratomyzxa acadiensis from Urophysis 
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chuss, Zoarces angularis and Pseudopleuronectes americanus from New Bruns- 
wick waters. Ellis (1930) added Urophysis tenuis as a host from St Andrews, 
N.B. The present Ceratomyza certainly canngt be C. acadiensis, the spores of 
which have enormous processes 250-300 long. C. longispina Petruschewsky, 
1932, C. linispora Doflein, 1898 and C. jamesoni Kudo, 1933 for C. taenia 
Jameson are excluded for the same reason. C. sphaerospora Davis, 1917 has 
elongated valves with enlargements on them and its spore is nearly three times 
as broad as the present form. The Ceratomyxa under discussion differs in range 
of spores from many others. Thus, the spores of C. spherulosa, C. appendiculata, 
C. reticularis, C. linospora, C. ramosa, C. spari, C. longispina, C. tylosuri, C. 
acadiensis, C. californica, C. jamesoni, C. venusa, C. mesospora, C. sphairospora, 
C. spinosa, C. attenuata, C. flagellifera and C. aggregata are all much larger than 
those of this Canadian Ceratomyxa. On the other hand, C. pallida, C. truncata, 
C. inequalis, C. starksi, C. elegans, C. crassa, C. blennius, C. amorpha, C. 
agglomerata, and C’.. annulata have smaller spores, while C. gracilis, C. obesa, 
C. recurvata, C. abbreviata and C. navicularis have much smaller spores, mostly 
about half the breadth of those of the Ceratomyxa under discussion. C. lunata 
has very variable spores and those of C. hopkinsi have much the same dimen- 
sional range but differ in form. The spore of C. streptospora Davis has a maxi- 
mum breadth of 39, but is much narrower. Comparison is not possible with 
some other species owing to paucity of description or lack of dimensions. We 
regret that we have been unable to consult the papers on Myxosporidia in 
Japanese published by Fugita. From the foregoing it appears that this 
Ceratomyxa from Urophysis tenuis is a new species, which we designate 
Ceratomyxa urophysis n.sp., with characters as herein described. 


Ceratomyxa acadiensis Mavor 


We may mention that we have examined Ceratomyxa acadiensis Mavor 
in a preparation of bile of Urophysis tenuis made in Halifax and sent to us by 
a friend. This organism had previously been recorded from St Andrews, N.B., 
and its range is now extended to Halifax, a distance of between 250 and 275 
miles farther northward along the coast. 


Myxoproteus myoxocephali n.sp (Pl. III, figs. 10-20) 

A very interesting new species of Myzoproteus has been obtained from the 
gall bladders of two out of four shorthorn sculpin, Myoxocephalus groen- 
landicus and one out of five longhorn sculpin, M. octodecimspinosus obtained 
in Halifax, N.S. Three M. groenlandicus and five M. octodecimspinosus from 
St Andrews, N.B., were negative for this parasite. Slight infections only were 
encountered, that of the longhorn sculpin being detected with difficulty. 
Infected gall bladders were slightly thinner than uninfected ones. The bile 
was green and, in one case, was somewhat cloudy, with small mucous clots. 
The morphology of the Myzxoproteus from M. groenlandicus and M. octodecim- 
spinosus was the same. 
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Morphology 


The amoebula of this Myzxoproteus (Figs. 10, 11) is somewhat bean-shaped. 
The ectoplasm is distinct. The endoplasm is granular. Two karyosomatic 
nuclei with unthickened nuclear membranes are present. The amoebulae are 
2-3-4-6 u long and 4-6-7-7 » broad. 

After growth, multiplication by binary fission occurs (Fig. 12) and this may 
be repeated. The division of the daughter forms does not usually synchronize, 
judging from their nuclear structure. Extensive plasmotomy, such as occurs 
in other species of Myzxoproteus, has not been observed by us, but probably 
the season at which our observations were made was not the most favourable 
one. 

The trophozoites are relatively small, many being about 16 by 10y. 
Ectoplasm and endoplasm are clearly differentiated, one or at most two blunt 
pseudopodia being produced (Fig. 13). The endoplasm is finely granular, 
without any obvious inclusions. The nuclei are distinct, with thin membranes 
and small karyosomes. The trophozoite appears to give rise to one disporous 
sporoblast at a time. Several residual nuclei outside the sporoblast have been 
observed. 

Young sporoblasts, each with segregated cytoplasm and several similar 
nuclei, have been observed (Fig. 15). At the octonucleate stage the sporo- 
blastic cytoplasm begins to segregate around two nuclei, the future sporo- 
blastic nuclei, while two nuclei elongate, pass to the periphery and function as 
parietal or valvular nuclei. Elongate, delicate polar capsules gradually 
differentiate. Two residual nuclei can often be detected in the sporoblast. 
Flattened bile clots have shown these and other stages of the Myzxoproteus 
(Fig. 14). 

The spores (Figs. 16-18) are roughly pyramidal or somewhat lemon- 
shaped, each with a small knob-like process at the end where the polar cap- 
sules open. The sporocyst has five striae passing hoopwise round the spore. 
They are sometimes rather indistinct. The sutural ridge is fairly broad but is 
not easy to detect. It has been seen best in dehiscing spores (Fig. 20). The 
valvular nuclei (Figs. 16, 17) are oval and gradually disappear. The spores are 
from 8-4 to 11-7 long and 5-8 to 8-3 in maximum breadth. 

The polar capsules are delicate, elongate, narrow pyriform bodies, measuring 
46-69 by 1-3-2-1u. Occasionally they are slightly subequal. The capsulo- 
genous nuclei are round (Fig. 17) but rapidly become reduced to minute 
chromatin granules (Fig. 18). The delicate polar filaments are closely coiled 
within the capsules (Figs. 16, 18) and no fully extruded ones have been 
observed. A few polar capsules with partly extruded filaments (Fig. 19) have 
been found floating free in the bile and in the duodenal contents. 

The sporoplasm is always situated at the broad end of the spore and forms 
a compact oval or slightly bean-shaped mass. It stains rather deeply with 
vital stains. The sporoplasmic nuclei are relatively large and may be slightly 
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subequal. Each has a distinct karyosome which often is somewhat excentric. 
The nuclear membrane is thin and without chromatin granules. 


Systematic position 


This parasite of Myoxocephalus groenlandicus and M. octodecimspinosus 
belongs to the genus Myzoproteus. Three other species of Myzxoproteus are 
known. It differs from the type species, M. ambiguus Doflein, in that its 
trophozoites are not markedly polymorphic and have no inclusions and its 
spores differ much in size and shape. Superficially, the present organism has a 
resemblance to M. cordiformis Davis, but the components of the spore show 
reversed orientation from M. cordiformis, its polar capsules are elongate 
pyriform and winglike expansions are not present. It is obviously separated 
from M. cornutus Davis by the absence of long processes of the spore valves. 
The present species also differs from the other three in its habitat, the others 
being parasites of the urinary bladders of their piscine hosts. This is also the 
first record of a species of Myzoproteus from Myoxocephalus spp. Petrus- 
chewsky (1932), who described Ceratomyzxa longispina from Myoxocephalus 
quadricornis, and Myzxobolus mulleri from the gills of Myoxocephalus scorpius, 
both fish from the White Sea, has no mention of Myzoproteus therein. The 
record of Myzxoproteus from these Nova Scotian fishes is the first from Canada. 
From its morphology, habitat and hosts, it is, therefore, different from 
previously described species. It is new to science and is designated M. myozo- 
cephali n.sp., with characters as herein described. 


Family CHLOROMYXIDAE 


The Chloromyxidae observed are members of the genus Chloromyxum. 


Chloromyxum leydigi Mingazzini 


This parasite has been obtained from the slightly thickened gall bladder of 
Raia ocellata Mitchill, a new host. One fish out of twenty-five, bought from a 
local shop in Montreal for class dissection, was infected. 


Chloromyxum granulosum Davis 


A species of Chloromyxum has been observed from the thickened gall 
bladder of one shorthorn sculpin, Myoxocephalus groenlandicus, bought in 
Halifax. The infection was slight. The trophozoites were very pale yellow and 
were polysporous. The spores were about 7 u in diameter. The suture formed a 
distinct ridge. Four polar capsules were distinct, pyriform bodies about 2 
long. In many spores dehiscence had occurred and the four capsules were 
spread out in the characteristic cruciform manner. The polar filaments were 
up to 15 long. The sporoplasm was distinct, with two small sporoplasmic 
nuclei, 
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Systematic position 


The appearance and dimensions of the spores and trophozoites of this 
Chloromyxum at once recalled those of C. granulosum Davis. While C. granu- 
losum occurred in the urinary bladder of T'ylosurus marinus, ours occurred in 
the gall bladder of Myoxocephalus groenlandicus. Morphologically, the parasites 
of the two kinds of fish seem identical. Chloromyrum granulosum thus shows 
to a marked degree physiological adaptation to two habitats chemically very 
different and to two dissimilar hosts. 


Family MYXIDITDAE 


Two genera of the Myxidiidae, Myzidium and Zschokkella, have been 
observed. 

Myxidium myoxocephali n.sp. (PI. III, figs. 21-27) 

An interesting Myzxidium with highly polymorphic trophozoites occurs 
in the gall bladder of the longhorn sculpin, M@yoxocephalus octodecimspinosus. 
One out of five fish collected at Halifax, N.S., and one out of five gall bladders 
preserved for us by Dr Templeman at St Andrews, N.B., contained the 
parasite. The walls of the infected gall bladders were rather thinner than those 
of uninfected fish and the bile was discoloured, being brownish yellow and 
thick. 

Morphology 


The delicate trophozoites (Figs. 21-23) are the most amoeboid and poly- 
morphic of any Myzxidiwm known to us. The marked lobulations and numerous 
pseudopodia recall slightly those of M. lieberkuhni Biitschli as observed by 
us in pike in Europe and in the pickerel, Hsox niger, in Montreal. But the clear 
pseudopodia are much more extensive, are relatively stiff, yet are flexible and 
mobile. The endoplasm is alveolar and active streaming movements occur. 
Neither yellow globules nor haematoidin have been detected in this Myxidium, 
though such occur in M. lieberkuhni both in Europe, Montreal and the United 
States. 

Extensive plasmotomy occurs, buds of very variable size and appearance 
becoming separated. Some such buds already contain pansporoblasts (Fig. 
22). Also, fusion of buds and plasmodia can occur, the fusion being ultimately 
so complete that delimitation of the originally separate constituents is im- 
possible. In some of the trophozoites the nuclei are karyosomatic with distinct 
depositions of chromatin on their nuclear membranes (Fig. 21); in others, the 
nuclear membranes showed little or no thickening (Fig. 22). Owing to the 
great polymorphism, plasmotomy and plasmogamy, it is difficult to give 
dimensions. The long axis of some of the larger specimens has reached 75, 
which is small compared with M. lieberkuhni. 

The number of pansporoblasts in a trophozoite varies (Figs. 21, 22). A 
pansporoblast may develop direct into a sporoblast, which, in turn, produces 
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one spore (Fig. 23). Such sporoblasts may be found free from the trophozoite, 
are oval and unisporous (Fig. 24). Other sporoblasts differentiate to form two 
spores (Fig. 25) and show early nuclear differentiation. At first they are 
somewhat rounded but, with growth, become elongate (Fig. 26). More dis- 
porous than monosporous sporoblasts have been observed. 

The spores (Figs. 23, 24, 26, 27) are curved, the long axis resembling an 
integration sign. They are 13-3-17-5y long and 6-6-8, broad. The valves are 
smooth, unstriated and thin-walled, with an indistinct suture and sutural line, 
both of which are slightly curved. Parietal nuclei have been seldom observed. 

The polar capsules are pyriform, with slight ducts (Figs. 24, 26, 27). They 
are 4-5 long and 2-2-3-3u broad. The capsulogenous nuclei are rounded, 
karyosomatic structures, often situated to one side of the broad end of the 
polar capsule (Fig. 27). With age, they contract and finally disappear but 
seem to persist for a relatively long time. The polar filament is somewhat 
coarse. Fully extruded filaments have not been observed. 

The sporoplasm forms a compact granular mass between the polar cap- 
sules. The sporoplasmic nuclei show dimorphism, those of some spores (Figs. 
23, 24) being much larger than those of others (Figs. 26, 27). Both types are 
karyosomatic, with chromatin granules deposited on the nuclear membranes. 


Systematic position 

The occurrence of a Myzxidium in the gall bladder and bile of Myozo- 
cephalus octodecimspinosus is recorded for the first time. The trophozoite of this 
Myzidium is remarkable for its lobulation and many stiff pseudopodia, making 
it different from other species. The spores are from 13-3-17-5 by 6-6 to 8y. 
This is smaller than the spores of the following species: M. lieberkuhni, 
sphericum, giganteum, inflatum, bergense, procerum, contortum, pagelli, percae 
and species of Awerinzeff. On the other hand, the spores of the species under 
discussion are larger than those of M. incurvatum, danilewskyi, giardi, bar- 
batulae, mackiei, macrocapsulare, depressum, anguillae, gadi, glutinosum, 
phyllium, oviforme, striatum, aplodinoti, therapon, parvoviforme and fonsecai. 
While the range of dimensions of the spores is much the same, the sculpin 
parasite is separated from M. pfeifferi, M. kagayamai and M. americanum 
which have striated valves, a feature also separating it from M. lieberkuhni, 
histophilum, giardi, anguillae, gadi, striatum, aplodinoti, macrocapsulare, 
phyllium, percae, bellum, illinoisense and kudoi. M. glossogobii Chakravarty 
1939 has spores with much the same range of dimensions but they are elongate 
oval, the polar capsules are larger ad the trophozoite different. An unnamed 
species of Myzxidium from Pseudopleuronectes americanum has been briefly 
described by Mavor. Its trophozoite is spheroidal with numerous long pseudo- 
podia on one side. The spore is spindle-shaped, slightly bent in § form and is 
14-15 by 6-7-5, with polar capsules 4 by 2-5yu. The spore is much more 
acutely twisted and the polar capsules proportionately larger than in our 
specimen. Myzxidium bellum Meglitsch, 1937 has spores about the same length 
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but narrower. M. contortum Fantham, 1930 has much the same shape of spore 
with unstriated valves but the spore is larger and the trophozoite different. It 
appears, then, that the Myxidiwm from Myoxocephalus octodecimspinosus 
cannot be assimilated with previously described forms. It is considered to be 
a new species, occurring in a new host, and is named Myzxidium myoxocephali 
n.sp., with characters as herein detailed. 


H. B. FANTHAM AND OTHERS 


Myxidium lieberkuhni Biitschli 
We record that we have found a Myzxidium, which is probably M. lieber- 
kuhni Biitschli, 1881 in the urinary bladder of one of several freshly caught 
pickerel, Esox niger, in Montreal. The infection was slight and the trophozoites 
seen were not so large as those described by Biitschli. Mavor (19165) has also 
obtained Myxidium lieberkuhni in the pike, Lucius lucius, at Georgian Bay. 


Myxidium gadi Georgévitch 

A species of Myzxidium has been observed from the gall bladders of two 
out of seven haddock, Melanogrammus aeglifinis, from St Andrews, N.B., and 
in two out of eight haddock from Halifax, N.S. The infection in each case was 
slight, though the gall bladders were much thickened and the bile turbid. The 
infection, apparently, was nearing its end. 

This Myzidium has been identified as Myzxidiwm gadi, described by 
Georgévitch in a series of papers in 1916, 1919 and 1937, his hosts being Gadus 
pollachius and Solea vulgaris, examined by him in France. Petruschewsky 
(1932) has found Myxidiwm gadi in Pleuronectes flesus and Gadus callarias in 
the White Sea. The parasite observed by us is morphologically identical with 
Myzidium gadi and is recorded as occurring in a new host and a new locality. 


Zschokkella hildae Auerbach 


A very slight infection with a Zschokkella, tentatively assigned to Z. 
hildae Auerbach, has been observed from the urinary bladder of one common 
cod, Gadus callarias, caught at St Andrews, N.B. Only spores in very small 
numbers have been seen. The same parasite is also recorded by us for the first 
time from the urinary bladder of the tomcod, Microgadus tomcod from the 
Labrador coast, one out of nineteen fish being slightly infected. The material 
was not suitable for cytological investigation as it had been in transit several 
days, but spores easily recognizable as those of Zschokkella hildae were present. 

Auerbach (1912) has figured abnormal spores of Z. hildae, with almost 
straight and median sutures. We have noticed some similar abnormal spores 
in the urinary contents of our stale tomcod. No further information regarding 
the morphology of Z. hildae can be given. The tomcod, Microgadus tomcod, is 
recorded as a new host and the geographical distribution of Zschokkella hildae 
is extended to New Brunswick and Labrador. This is the second species of 
Zschokkella to be recorded from Canadian fishes, Z. salvelini, described by us 
in 1939, being the first. 
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Family MY XOSOMATIDAE 


The Myxosomatidae is represented by a new species of Myzxosoma from 
Fundulus diaphanus. 


Myxosoma diaphana n.sp. (Pl. IV, figs. 1-14) 


A species of Myxosoma apparently new to science has been found by one 
of us (L.R.R.) in a small, white, depressed tumour of one adult Fundulus 
diaphanus among a number collected from a weedy, shallow, freshwater 
backwater at the mouth end of the Salmon River, Guysborough County, 
Nova Scotia. F. heteroclitus was present in brackish water farther down the 
river system but no infected specimens were detected nor was the parasite 
found in species of Semotilus and Catostomus from the same pool as the 
infected Fundulus diaphanus. The cyst wall was thin and very weak, rupturing 
when removed from the testis. Apparently it was old. Fresh preparations and 
smears were examined. 


Morphology 


The amoebulae observed (Figs. 1-3) are small organisms, at first rounded, 
with minute pseudopodia (Fig. 1) and up to 4-3u in diameter. They become 
elongate and somewhat crescentic (Figs. 2, 3), measuring up to 5-6 by 2-6y. 
Their cytoplasm is finely granular. Two small karyosomatic nuclei are present. 
An oval form is gradually assumed (Fig. 4) and nuclear multiplication occurs. 

The sporoblasts are ‘roughly oval in outline. Some measured up to 20u 
long and 12-2 broad. They are disporous (Fig. 5). The very few seen have had 
well-developed spores present. 

The spores (Figs. 6-14) are elongate-ovoid to pyriform in shape, and in 
stained preparations are 15-5-20u long and 5-2-7-6u in maximum breadth. 
Many are from 17 to 18 long and 6-6-5 broad. The valves are fairly thick, 
with an inconstant number of folds at the broader, non-capsular or posterior 
end (Figs. 6, 7, 12, 14). The sutural ridge is almost straight (Fig. 12) to slightly 
curved (Fig. 9). The valvular or parietal nuclei are small and granule-like as a 
rule (Figs. 9, 13) but very occasionally larger, oval (Figs. 6, 11) to rounded, 
karyosomatic forms have been seen. 

The polar capsules are elongate pyriform bodies, with distinct convergent 
ducts. They are somewhat subequal in lengths, the larger members of the 
pairs ranging from 7-4 to 9-6 and the smaller members 6-6-8-9y4. Often 
there is little difference, e.g. 8-9 and 9-6, 8-9 and 8-7 1. The maximum breadths 
are 1-5-2-2u. The capsulogenous nuclei are small, rounded, karyosomatic 
bodies, situated at or on the rounded ends of the polar capsules (Figs. 8, 9) but 
become small granules with age (Figs. 10, 13). The polar filaments observed 
(Figs. 6, 7, 9, 10, 12-14) usually have formed 11-15 fine tight coils within the 
polar capsules. Partly extruded filaments have been seen and such partial 
extrusion could only be produced with difficulty. 
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The sporoplasm is finely granular and in some spores shows a long inter- 
capsular extension (Fig. 14). The sporoplasmic nuclei are distinct, karyo- 
somatic, with practically unthickened nuclear membranes (Figs. 6-8). There 
is no iodinophilous vacuole, but very occasionally a small vacuole has been 
observed (Fig. 11), which has no affinity for iodine. Bond (1938) has recorded 
a similar non-iodinophilous vacuole in the spores of Myxosoma fundult. 


H. B. FANTHAM AND OTHERS 





Systematic position 

Three species of Myzxosoma have been described from Fundulus spp. 
Myzxosoma funduli Kudo, 1918, occurs on the gills of Fundulus majalis and 
F. heteroclitus at Wood’s Hole, Mass. It has also been recorded by Bond (1938) 
from these hosts and from F. diaphanus from Middle River, south of Balti- 
more, Md. and Hudson River at Peekskill Bay, N.Y. Myzxosoma subtecalis 
Bond, 1938 has been found in the connective tissue and most of the viscera, 
the fins and the fatty tissue on the dorsal surface of the brain of Fundulus 
heteroclitus. The subtecal space of the optic lobes of the brain had the most 
intense infection. The fish were obtained from Middle River and Chesapeake 
Bay, Md., Hudson River at Peekskill Bay and Dobbs Ferry, N.Y. In 1937 
Bond also listed this parasite as occurring in F. diaphanus in the Hudson 
River. Myzosoma hudsonis Bond, 1938 was obtained from Fundulus hetero- 
clitus at Peekskill Bay and at Dobbs Ferry, N.Y. 

The Myzxosoma here described by us was obtained from a new locality for 
infected fish, the Salmon River, Nova Scotia, Canada. It cannot be M. 
funduli, which has a pyriform spore 14 by 8, valves with 7-10 folds and 
equal polar capsules. The spore shape, proportions and dimensions are all 
different from those shown by Kudo. Also, we have been fortunate in being 
able to compare our specimens with undoubted M. funduli from Fundulus 
heteroclitus bought from Wood’s Hole. The species are undoubtedly distinct. 
Myzxosoma subtecalis has a spore with a series of characteristic ridges, fully 
described and clearly illustrated by Bond, and our specimen could not be 
mistaken for M. subtecalis. M. hudsonis Bond has a much smaller spore of 
different proportions, being 11-5-12-5 by 7, and it is distinctive in that the 
polar capsules open on one side or the other of the median line of the spore. 
Our Myzosoma, then, cannot be a species previously described from Fundulus 
spp. With regard to species from other hosts, Myxosoma dujardini Thélohan 
has ovoid spores 12-13 by 7-8 and ours is dissimilar both in dimensions and 
appearance from Thélohan’s description. Myzosoma (or Leptotheca) agilis 
Thélohan has much smaller spores. M. elongata Thélohan has spores with 
much the same range of dimensions. It has been redescribed by Georgévitch 
(1917) from the gall bladder of Motella tricirrata. But its trophozoites are more 
or less conical with many pseudopodia, while its spores only become elliptical 
on fixation, so that the present Canadian form cannot be identified with 
Myzxosoma elongata. In 1939 we described M. notropis, M. commersonii, M. 
orbitalis, M. pfrille, M. media, M. ellipticoides and M. parellipticoides as new 
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species of histozoic Myxosoma from Canadian freshwater fishes. The trophic 
forms are cysts and in no case are the dimensions or the appearance of the 
spores the same as in the Myxosoma of Fundulus diaphanus, nor is it to be 
identified with Myzxosoma catostomi as described by Kudo and ourselves. We 
regret that we have been unable to consult some papers in Japanese journals 
by Fugita, but believe that, with this exception, we have seen descriptions of 
all previously recorded species of Myzxosoma and can find none with which this 
Canadian Myzxosoma can be assimilated. We therefore consider it to be a new 
species and designate it Myxosoma diaphana n.sp., with characters as herein 
set forth. 


Family MY XOBOLIDAE 


An interesting addition to the Myxobolidae is a new species of Henneguya 
parasitic in the ancient and primitive Ganoid fish, Amia calva. 


Henneguya amiae n.sp. (Pl. IV, figs. 15-21) 


A species of Henneguya with a distinctive spore has been obtained from a 
very small, whitish yellow cyst on a gill filament of one female Ama calva out 
of five purchased together in Montreal in May 1936. The cyst was old, thin- 
walled and only 1 mm. in diameter. It contained much debris, together with 
a few living spores of a Henneguya. Examinations of fresh preparations, with 
and without the use of methyl green as intra-vitam stain, only was possible. 
Five more Ama calva purchased in 1937 and six more in 1938 were negative 
for this parasite. 

Morphology 

Owing to the advanced age of the cyst, only spores of the Henneguya have 
been observed. They are noticeable for a distinct constriction, so that the 
body of the spore appears to consist of three portions, a smaller anterior portion 
containing the polar capsules, a short constricted part or “neck” and a larger 
posterior part in which the sporoplasmic nuclei are situated. The caudal pro- 
longations of the valves are each about half the width of the body at their 
origin, form a narrow triangular portion and end as a thinner filamentous 
portion a little longer than the triangular portion. The neck-like constriction 
posterior to the capsules is quite distinct (Figs. 15, 19) and is a constant 
feature. It is conspicuous and much more noticeable than the shallow con- 
striction sometimes seen in the spores of Henneguya esocis described by us 
(1939). The caudal prolongations or appendages seem relatively stiff. 

Some spores (Figs. 16, 20) are wider than others. The bodies of the spores 
measured to the fork, are 15-8-25y long and 4-1-6-6u wide. The caudal 
appendages have total lengths of 18-25. The valves are thin. The parietal 
or valvular nuclei are dense-staining bodies, situated near the origin of the 
fork (Figs. 15-20). 

The polar capsules are elongate pyriform structures that almost fill the 
part of the spore anterior to the constriction. They are practically identical in 
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size and are 5-5-6-6u long and 1-6-2-5yu broad. Distinct ducts are present 
(Fig. 16). In the younger spores the capsulogenous nuclei are small, rounded, 
karyosomatic bodies (Fig. 16). With age, they become densely staining chroma- 
toid granules (Fig. 20). They are situated near the ends of the polar capsules. 
The polar filaments form tightly coiled masses within the polar capsules 
(Figs. 18-20). A spore with both polar filaments extruded is outlined in Fig. 21. 
Extruded polar filaments have been from 66 to 90, long. 

The sporoplasm is dense and contains deeply staining, scattered chromatoid 
granules, which are small in some spores (Fig. 17) and larger in others (Figs. 18- 
20). The sporoplasmic nuclei are relatively large, are karyosomatic and have 
distinct but unthickened membranes. They may be slightly unequal in size. 
They are arranged side by side transversely across the narrow diameter of the 
spore. 


H. B. FANTHAM AND OTHERS 


Systematic position 


The nearest affinity of this parasite of Amia calva appears to be Henneguya 
esocis from Esox niger. When dealing with the latter form in May 1939, we 
gave its differential characters from other species of Henneguya, so that these 
need not be repeated here. Bond (October 1939) has described two new species 
of Henneguya, H. nigris from Esox niger and Henneguya acuta from Esox 
masquinongy, but neither of these species is like Henneguya esocis or the one 
from Amia calva. The same applies to Henneguya limatula Meglitsch, 1937 from 
Ictalurus punctatus and I. furcatus. The Henneguya of Amia calva can be 
easily separated from Henneguya esocis by the smaller size of its spores, by the 
constriction of the spore body into three portions, by the transverse position 
of the sporoplasmic nuclei and their lack of deposits of chromatin on the 
nuclear membranes. It is considered to be a new species, occurring in a new 
host and is designated Henneguya amiae n.sp., with characters as herein 
described. 


SOME EFFECTS OF THE MyXOSPORIDIA ON THE HOSTS 


It has been interesting to compare some of the effects of these Myxo- 
sporidia with those described by two of us in 1912 for infected fishes examined 
at Luc, Normandy. 

Myxosporidian infections of the fresh gall bladders and bile of members 
of the Gadidae in Normandy and Canada show parallel effects. Thus, infected 
Gadus pollachius and G. merlangus at Luc had thickened gall bladders and 
thickened, discoloured bile, normal bile being green, while infected varied from 
yellowish to brown. In Canada, Melanogrammus (=Gadus of some authors) 
aeglifinis infected with Myzxidium gadi, had also thickened gall bladders and 
discoloured bile. The gall bladders of Urophysis tenuis infected with Ceratomyxa 
urophysis were much thickened and the bile was thicker than normal. We 
regret that our Microgadus tomcod, both normal and infected with Zschokkella 
hildae, had been several days in transit before reaching us, so that we can draw 
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no conclusion as to any pathological effects of the Myxosporidian on the 
urinary bladder of the host. 

Comparing the effects of Myxosporidian infections on various members 
of the Cottidae, examined by us at Luc, the gall bladders of Cottus bubalis were 
thickened and the normally green bile thickened and changed to orange or 
otherwise discoloured, when species of Chloromyxum were present. We have 
examined in Canada two species of another genus of Cottidae, namely, 
Myozxocephalus. A thickened gall bladder was found in one infection with 
Chloromyxum, but infections with Myzxoproteus myoxocephali and Myzxidium 
myoxocephali were associated with slightly thinner gall bladders and turbid 
or discoloured bile. 

Among the Raiidae, at Luc, the gall bladders of Raia maculata containing 
Myxosporidia were slightly thickened and the bile was pale yellow instead of 
green, similar effects being noted in the gall bladder and bile of R. ocellata in 
Montreal. 

As in our previous observations, we have found desquamation of the 
epithelium of the gall bladder and of the urinary bladder in some cases of 
Myxosporidian infection in Canadian fishes. In some thickened gall bladders 
leucocytic infiltration in the subserous layer and in the submucosa has’ been 
observed in infected but not in normal gall bladders. Catarrhal secretion of 
mucus resulting in marked viscosity of the bile has also been found. Some 
form of chemical action appears to be induced by the parasites, judging from 
the colour changes in the bile. 

In general, fishes with gall bladder infections of Myxosporidia were often 
slightly thinner and less fat than uninfected fishes of the same length. 

Fundulus diaphanus is the only member of the Poeciliidae (killifishes) that 
need be considered. The occurrence of Myzxosoma diaphana in a tumour of 
the testis obviously caused destruction of sperm and degeneration of testicular 
tubules and interstitial tissue of the fish. 

Ama calva, the sole representative of the Amiidae, apparently suffered no 
injury from the single minute cyst of Henneguya amiae on its gill, but heavier 
infections might cause hypersecretion of mucus and possibly lead to the 
death of the host from suffocation, as has been observed in other gill in- 
fections, both by Protozoa and by Trematoda. 


ECONOMIC IMPORTANCE 


Certain of the Myxosporidia discussed herein have at least a potential 
economic importance, inasmuch as they infect edible fish. As a rough general 
statement, fish harbouring Myxosporidia are thinner and less fat than those 
free from these Protozoa. Several parasites of the cod have these effects, 
affecting the cod both as food and for medicinal preparations to some extent. 
Mypoxocephalus groenlandicus and M. octodecimspinosus are also food fishes. 
The former is the largest of the sculpins, prefers a stony coast with abundant 
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seaweed and is the common food of Greenlanders, who cook the flesh and often 
eat the roe raw. Parasitization of the muscles of salmon, obviously, is detri- 
mental to its use as fresh food, though slight infestations are rendered inno- 
cuous by processing at the canneries. Jordan & Evermann (1896) state that the 
flesh of Amia calva is of a soft and pasty consistency and valueless as food. 
This statement may apply to fish in the United States, but in Montreal A. 
calva is sold for food under the popular name of bowfin in many of the smaller 
fish shops and we bought our specimens from such shops. The flesh is soft, 
but can be made palatable by careful cooking and also is used for fish soups. 
The minute infection with Henneguya amiae observed had little, if any, effect 
on the host. Fundulus spp. are eaten by larger fishes, some of which are 
valuable as human food. The possibility of such food fishes acquiring Myxo- 
sporidian infections by way of their own diet needs to be borne in mind. 
However, Bond (1937), from microscopical examination of nine different kinds 
of larger fish coexisting with F. heteroclitus, found none of them harboured 
Myxosporidia common in the Fundulus and his feeding experiments also were 
negative. He concludes that fishes of the same habitat, though exposed to 
abundance of spores from feeding on F. heteroclitus, apparently are not 
susceptible to its Myxosporidia. 

Where mucous degeneration of epithelial tissues of the gills, accompanied 
by hypersecretion of mucus, is induced by Myxosporidia, the gill filaments 
and gill rakers become matted together, respiration is impaired and heavy 
losses, especially of young fish, occurs from asphyxiation. Such’ outbreaks 
have been observed in hatcheries and the possibility of Myxosporidian in- 
fection needs to be borne in mind by those working in hatcheries to replenish 
sea fisheries. 


PHYSIOLOGICAL ADAPTATION AND ENVIRONMENTAL EFFECTS 


Myxosporidia show considerable powers of physiological adaptation. 
Morphologically identical parasites occur in similar situations but in different 
piscine hosts. Thus, Myzxidiwm gadi occurs in the gall bladders of Phycis 
blennoides, Gadus aeglifinis, G. callarias, G. virens and Microgadus tomeod; 
Myzxoproteus myoxocephali in Myoxocephalus groenlandicus and M. octodecim- 
spinosus. Myzxidium incurvatum has been recorded from a dozen hosts and 
Chloromyxum leydigi from more than twenty hosts. Physiological adaptation, 
perhaps resulting in morphological differences in species, is shown by species 
of Myxoproteus, the three previously described species living in the urinary 
bladders of their hosts while M. myoxocephali has adapted itself to life in bile. 
Marked powers of adaptability to differences in the chemical constitution of 
the surrounding medium are also shown by the ability of some Myxosporidia 
to live on the gills and beneath the skin of fish that pass from fresh to brackish 
water or to sea water. Henneguya fontinalis of trout and H. salmincola 
of various salmon are examples, but perhaps the comparative rarity of 
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Myxosporidia in these Salmonids may be ascribed to the inability of many 
Myxosporidia to survive the change from fresh water to marine habitats. 

Sluggish habit of life appears to some degree to conduce to Myxosporidian 
infestation. In the present paper we record Henneguya amiae n.sp. from Amia 
calva, a sluggish fish inhabiting slow flowing streams and waters. In 1939 we 
pointed out that slow running and stagnant waters with an abundance of 
plant life and warm modified brooks running through grassland seemed the 
most favourable areas for capture of freshwater fish with Myxosporidian 
infections. However, sluggish habits and stagnant habitats are not necessarily 
accompanied by liability to infection. 

Crowding of fish causes great competition for the available food. The 
malnutrition consequent thereon predisposes such fish to infection and close- 
ness of contact aids in spread of communicable diseases. The rapidity of 
spread of parasitic infections in aquaria and hatcheries is thereby explained. 


REMARKS ON THE ZOOGEOGRAPHICAL DISTRIBUTION OF CERTAIN 
MyYxXOSPORIDIA AND THEIR PISCINE HOSTS 


The zoogeographical distribution of some of the Myxosporidia described 
in this paper and of their piscine hosts is of interest. Many of the Myxo- 
sporidia were obtained from marine fishes collected at Halifax, Nova Scotia, 
and at St Andrews, N.B., these places being between 250 and 275 miles apart 
by sea. In several cases when specimens of the same fish have been examined 
from both places the same Myxosporidia have been found. This is true of 
Ceratomyxa urophysis from Urophysis tenuis, Myxidium myoxocephali from 
Myozxocephalus octodecimspinosus and M. gadi from Melanogrammus aeglifinis. 
Ceratomyxa acadiensis was notified by Mavor from Urophysis chuss and Ellis 
in 1930 recorded it from U. tenuis at St Andrews. Its distribution in U. 
tenuis is now extended northwards to Halifax. On the other hand, Myzo- 
proteus myoxocephali has been found in Myoxocephalus groenlandicus and M. 
octodecimspinosus from Halifax but not in those from St Andrews. 

Davis (1917) described Chloromyxum granulosum from the urinary bladder 
of Tylosurus marinus from Beaufort, North Carolina. We have found a form 
morphologically identical, parasitic in the gall bladder of Myozxocephalus 
groenlandicus from Halifax, indicating a considerable extension in distribution 
of the parasite northwards, as well as spread to a new host. An additional 
host and new locality for Chloromyxum leydigi is Raia ocellata examined in 
Montreal. 

In Canada Mavor has recorded the occurrence of Myxidiwm lieberkuhni in 
Lucius lucius, the pike, at Georgian Bay. We now notify its occurrence in the 
pickerel, Esox niger, from the St Lawrence River, Montreal. 

Myzxidium gadi was described by Georgévitch from Gadus pollachius and 
Solea vulgaris from waters of northern France. Petruschewsky has obtained 
Myzidium gadi from Gadus callarias and Pleuronectes flesus from the coast of 
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the White Sea, Northern Russia, and we have obtained it from Melano- 
grammus aeglifinis from Halifax, Nova Scotia, and St Andrews, N.B., Canada, 
thus extending its distribution to the American continent. Three species of 
the Gadidae are thus known to be parasitized by Myzidiuwm gadi and two 
genera of Pleuronectidae. The distribution of the species of Gadidae and that 
of M. gadi roughly coincides. 

Myzxidium myoxocephali is a new species from Myoxocephalus octodecim- 
spinosus from Halifax and St Andrews. So far, it has not been found in 
M. groenlandicus. M. octodecimspinosus occurs along the Atlantic coast from 
Labrador to Virginia and it will be of interest to ascertain if Myxidium 
myoxocephali occurs in fishes in waters further south or is restricted to those 
of the colder waters. 

The occurrence of Zschokkella hildae in Canadian Gadus callarias from 
St Andrews and in Microgadus tomcod from Labrador is a marked westward 
extension of the range of the parasite, which was found by Auerbach in the 
urinary bladders of Phycis blennoides, Gadus callarias, G. virens and G. 
(=Melanogrammus) aeglifinis from Norway. It is now recorded from G. 
callarias in New Brunswick waters so that it occurs on both sides of the 
Atlantic. A new host is the tomcod from Labrador. 

In the present paper, Myxoproteus myoxocephali is recorded from Myozxo- 
cephalus groenlandicus and M. octodecimspinosus, Chloromyxum granulosum 
from Myoxocephalus groenlandicus and Myxidium myoxocephali from Myoxo- 
cephalus octodecimspinosus. M. groenlandicus is the largest of the American 
sculpins and is found from New York to Greenland. According to Jordan 
and Evermann, it replaces M. scorpius of Europe on the American coast. 
The smaller M. octodecimspinosus (which really has twenty and not eighteen 
distinct spines about its head) has a range further south, extending from 
Virginia to Labrador. It is interesting that Petruschewsky (1932) has found 
Ceratomyxa longispina in Myoxocephalus quadricornis and Myzxobolus mulleri 
Biitschli in Myoxocephalus scorpius, both hosts being obtained from the west 
coast of the White Sea. M. scorpius occurs in northern European waters and 
as far south as the English coast. Occasional specimens have been reported 
from Maine, U.S.A. Myxosporidian infections, so far, seem to be confined to 
sculpins of different species in northern colder waters, and records of infected 
fishes from the more southerly limits have not been traced. The Myxosporidia 
of European and American sculpins, so far, are of different species, as are their 
hosts. 

With regard to the Myxosporidia described from brackish or freshwater 
fishes, the occurrence of Henneguya amiae in Amia calva is of much interest, 
for the bowfin is the sole surviving representative of the genus Amia, though 
several fossil Amiidae are known. The fish occur in the Great Lakes, the 
St Lawrence River and in sluggish waters from Minnesota to Virginia, Florida 
and Texas. 

In connexion with Henneguya salmincola Ward and H. salmonis Fantham 
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Porter & Richardson, we regret that, in our paper in 1939, we overlooked a 
paper by Zschokke & Heitz (1914), in which they recorded a parasite which 
they identified as Henneguya zschokket Doflein (Gurley) from Oncorhynchus 
keta and O. kisutch from Kamschatka Peninsula. Ward’s specimen came from 
the Stickeen River, Alaska. The omission of mention of this paper in our 
previous one does not invalidate our remarks therein. Since our paper 
appeared, Fish (1939), working on parasites of salmon, has found Henneguya 
salmincola in the following salmon from the Columbia River to south-east 
Alaska: pink salmon, Oncorhynchus garbuscha; silver salmon, O. kisutch; 
chinook salmon, O. tschawytscha and the chum salmon, O. keta.. We, in 1939, 
recorded a quite different species, Henneguya salmonis, from the Atlantic 
salmon, Salmo salar from the Gaspé Peninsula, Quebec. In general, there 
appears to be a distinct difference between the Myxosporidia of fishes of the 
Atlantic and Pacific coasts of North America, of which the species of Henne- 
guya from the Atlantic and Pacific salmon, is a particular example. 


SUMMARY 


Seven species of marine fishes and three of fresh or brackish water Canadian 
fishes have yielded new or known Myxosporidia. The marine fishes were from 
St Andrews, New Brunswick and Halifax, Nova Scotia, places 250-275 
miles apart by sea, and from the Labrador coast. The brackish and fresh- . 
water fishes were obtained in Montreal and the Salmon River, Nova 
Scotia. 

Descriptions and illustrations are given of the morphology of five new 
species of Myxosporidia: Ceratomyxa urophysis, Myxoproteus myoxocephali, 
Myzidium myoxocephali, Myxosoma diaphana and Henneguya amiae. 

Chloromyxum leydigi Mingazzini, C. granulosum Davis, Myxidiuwm lieber- 
kuhni Biitschli, Myxidium gadi Georgévitch and Zschokkella hildae Auerbach 
are recorded from new piscine hosts in Canada. 

Some effects of the Myxosporidian infections, both macroscopic and micro- 
scopic, on their hosts are considered. Comparison of the effects of similar 
infections of Myxosporidia on allied fishes in Normandy and Eastern Canada 
has shown a general similarity between them. 

The economic importance of some Myxosporidian infections of the edible 
fish examined is shown by parasitism of the cod, haddock and sculpin. Amia 
calva is also used for food in Montreal. The possibility of edible fishes acquiring 
Myxosporidian infections by way of their food is noted, with reference to the 
host-specificity of the Myxosporidia of Fundulus heteroclitus described by 
Bond. 

The influence of environment on and powers of adaptation to different 
habitats exhibited by certain Myxosporidia is discussed. 

Some remarks are made on the zoogeographical distribution of certain 
Myxosporidia and their piscine hosts. 
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EXPLANATION OF PLATES I!I AND IV 
All figures were drawn using an Abbe-Zeiss camera lucida. 


PLATE Ill 
Figs. 1-9. Ceratomyxa urophysis n.sp. Methyl green stain. x 600. 


Fig. 1. Young tetranucleate form. 

Fig. 2. Trophozoite showing beginning of differentiation of pansporoblasts. 

Fig. 3. Young sporoblast. 

Fig. 4. Sporoblast with very young spores differentiating. 

Figs. 5-8. Characteristic sporoblasts with spores of various sizes. 

Fig. 5. Sporoblast with two young spores showing unequal valves. 

Fig. 6. Sporoblast with one spore showing two sporoplasmic nuclei and the other with two valvular 
or parietal nuclei. 

Fig. 7. Sporoblast with two spores whose polar capsules point in opposite directions. Some con- 
centration of sporoplasm seen. 

Fig. 8. Sporoblast with two spores, each showing sporoplasmic nuclei but in different positions. 
One spore shows two capsular nuclei, the other one parietal nucleus. 

Fig. 9. Mature spore with concentrated sporoplasm, two sporoplasmic, two capsulogenous and 
two parietal nuclei. 

Figs. 10-20. Myzxoproteus myoxocephali n.sp. 

Figs. 10, 11. Amoebulae. x 2600. 

Fig. 12. Organism showing schizogony. x 2600. 

Fig. 13. Trophozoite containing two young spores. x 1200. 

Fig. 14. Flattened bile clot showing various stages of Myxoproteus myoxocephali. x 1200. 

Fig. 15. Sporoblast. x 1200. 

Figs. 16-18. Spores. x 2600. 

Fig. 16. Fresh spore showing striae on valves, two parietal nuclei, polar capsules, one with coils 
of polar filament and sporoplasm with sporoplasmic nuclei. 

Fig. 17. Another view of spore, with parietal nuclei. 

Fig. 18. Spore with well-stained polar filaments. 

Fig. 19. Detached polar capsule with partly extruded polar filament. x 2600. 

Fig. 20. Dehiscing spore. x 1350. 
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Figs. 1-9. Ceratomyxa urophysis n.sp. 


Figs. 10-20. Myxoproteus myoxocephali n.sp. 


Figs. 21-27. Myxidinm myoxocephali n.sp. 
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Figs. 1-14. Myxosoma diaphana n.sp. 


Figs. 15-21. Hennequya amiae isp. 
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Figs. 21-27. Myzxidium myoxocephali n.sp. x 1200. 


Fig. 21. Much-branched trophozoite with pansporoblasts differentiating. 

Fig. 22. Plasmotomy. 

Fig. 23. Trophozoite containing one spore produced from unisporous sporoblast. 
Fig. 24. Unisporous sporoblast with one spore. 

ig. 25. Rounded sporoblast with segregation of cytoplasm to form two spores. 
Fig. 26. Elongate disporous sporoblast with two spores. 

27. Free spore. 


PLATE IV 
Figs. 1-14. Myzxosoma diaphana n.sp. Giemsa stain. x 1350. 


Fig. 1. Amoebula with pseudopodia. 

Figs. 2, 3. Rounded amoebulae. 

Fig. 4. Young trophozoite with one nucleus showing early phase of division. 

Fig. 5. Disporous sporoblast. 

Figs. 6, 7, 12, 14. Spores showing variable number of folds on valves. 

Figs. 8, 9. Spores with karyosomatic capsulogenous nuclei. 

Fig. 10. Spore with granule-like capsulogenous nuclei. 

Fig. 11. Spore with karyosomatic parietal nuclei and non-iodinophilous vacuole. 

Fig. 12. Spore with almost straight sutural ridge and polar filaments with tight coils. 

Fig. 13. Broad spore with coiled polar filaments and one granule-like and one karyosomatic 
capsulogenous nucleus. 

Fig. 14. Spore showing amoebula with long intercapsular extension. 


Figs. 15-21. Henneguya amiae n.sp. Fresh preparations. Methyl green stain. x 1200. 


Fig. 15. Spore with marked neck-like constriction. 

Fig. 16. Rather wide spore with compact parietal nuclei, karyosomatic capsulogenous nuclei, 
slightly unequal sporoplasmic nuclei and polar capsules showing distinct ducts. 

Fig. 17. Spore with small chromatoid granules. 

Figs. 18-20. Spores with larger chromatoid granules. 

Fig. 18. Spore with coiled polar filaments. 

Fig. 21. Outline of spore with both polar filaments extruded. 
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